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Fi gure 8. 22 : Wavef or ms f or t he 1122 coded sampl e, showi ng t he yar n 
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Günü müz konf eksi yon i şl eml eri,  yüksek hı za sahi p mot orl arl a donatıl an di ki ş 
maki nel eri ni  kull anmakt adır.  Yüksek hı z sebebi yle i pli kl ere gel en gerili ml er  ve i ğne 
batı ş kuvvetl eri  çok art mıştır.  Sonuç ol ar ak,  di kim sı r ası nda hem di ki ş i pl i kl eri  hem 
de di kil en mal zemedeki  i pli kl er  zar ar  gör mekt edi r.  Ol uşan bu hasar,  deni m gi bi  sı k, 
kal ı n ve ağır yapılı kumaşl ar kull anıl dı ğı t akdi rde daha da ci ddi ol makt adır. 
Şi ddetli  i ğne batı ş kuvvetl eri nden kaynakl anan bu sor unun üst esi nden gel mek i çi n, 
önceli kl e di ki ş sırası nda et ki yen kuvvetl eri anali z et mek ger ek mekt edi r. 
Li t erat ür de i ğne batı ş kuvvetl eri yl e i l gili  çok az bi l gi  var dır  ve ol anl arın çoğu da 
yet ersi z sensör  ve veri  al ma t eknol oji si  il e gerçekl eştiril mi ştir.  Bu çal ı şmanın hedefi, 
kilit  di ki ş i şl emi  sırası ndaki  i ğne kuvvetl eri ni  anali z et mek amacı yl a bi r  di kil ebilirli k 
t est  ci hazı  kur maktır.  St rai n gauge ti pi  kuvvet  sensörl eri  ve yüksek hı zl ı veri  al ma 
üni t esi  kull anıl arak gerçek zamanl ı  ol ar ak i ğne batı ş kuvvetl eri ni n i zl enmesi  
mü mkündür.  
Di kil ebilirli k t est  ci hazı nı kur mak i çi n,  Si nger  591 D300A ki lit  di ki ş maki nesi  i l e 
ber aber,  öl çüm üni t esi  ol ar ak Hotti nger  Bal dwi n Messt echni k ( HBM)  f ir ması nca 
ür etil en strai n gaugel er  ve ESAM Tr avell er  amplifi kat ör  kull anıl mı ştır.  Di kiş di nami ği  
üzeri ndeki  et kil eri ni  görmek  i çi n,  beş ti p ham deni m kumaş,  üç ti p i ğne ( Si nger  16, 
18 ve 22 no.l ar)  ve i ki  tip di ki ş i pli ği  ( 40 Tkt  ve 20 Tkt  eti ket  numar al ı)  seçil mi ştir. 
Maki ne hı zı  daki kada 1100 devi r  ci varı nda ol acak şekil de ayarl anmı ştır.  Nu munel er, 
il eri ki  çal ı şmal ar da da kull anıl mal arı  pl anl andı ğından,  ASTM- D1908 st andar dı na 
gör e hazırl anmı ştır. Şekil 1. kur ul an si st emi n genel gör ünüşünü ver mekt edi r. 
 
Şekil 1 Si st emi n genel  gör ünüşü 
 xiii 
St r ai n gaugel er den al ı nan veril er,  ESAM yazılımı  t ar afı ndan değerl endi ril mi ş ve 
filt erel enmi ştir.  Sonuçl ar,  bu si st emi n deği şen i şl em par ametrel eri ne bağl ı  ol ar ak 
özel  dal gaboyl arı  ver di ğini  göst er mekt edi r.  En düşük ve en yüksek gr amaj a sahi p 
kumaşl ar  el e al ı ndı ğı nda,  40 Tkt  di ki ş i pli ği  ve Si nger  16 no.  i ğne kull anıl dığı  zaman, 
i ki  f arklı  si nyal  el de edil mi ştir.  Şekil  2 ve Şekil  3,  bu i ki  f arklı  di ki ş şartı ndaki  
deği şi ml eri sırası yl a göster mekt edi r.  
 
Şekil 2 1112 kodl u numuneden el de edil en dal gaboyl arı (en yüksek gr amajlı kumaş)  
 
Şekil 3  1142 kodl u numuneden el de edil en dal gaboyl arı (en düşük gr amajlı kumaş)  
Şekil  2 ve Şekil  3 t en de açı kça gör ül ebil eceği  gi bi ,  en yüksek gr amaj a sahi p 
kumaşt a en yüksek i ğne batı ş kuvvetl eri  gözl enmi şti r.  Ayrı ca,  şekill erden i ğne batı ş 
kuvvetl eri ne ait özel  dal ga f or ml arı ve bunl arı n düzeni  de gör ül ebil mekt edi r. 
Hi st ogr aml ar  i ncel endi ğinde,  si st emi n i şl em sı rası nda kumaş katl arı nı  t anı dı ğı 
söyl enebilir.  Şekil  4,  deneyde kull anıl an t üm kumaş numunel eri  i çi n,  Si nger  22 i ğne 
numar ası  ve 40 Tkt  di ki ş i pli ği  kull anıl dı ğı nda,  i ğne batı ş kuvvetl eri nin t ek katlı 
di kil en kumaşl ar a or anl a çi ft katlıl arda daha yüksek ol duğunu göst er mekt edi r.  



















Şekil 4 Kumaş katl arı nı n i ğne batı ş kuvvetl eri ne olan et kil eri  
 
 xi v 
Sonuçl ar  açı kça göst ermekt edi r  ki ,  daha da gel i ştiril di ği  t akdi rde,  si st em deği şi k ti p 
i ğne numar al arı  ve mal zemel er  açı sı ndan i ğne batı ş kuvvetl eri ni  belirleyecek bi r 
di kil ebilirli k t est  ci hazı  ol ar ak kull anıl abilir.  Böyl ece,  konf eksi yon ve t ekstil 
ür eti cil eri ne kalit e pr obl eml eri  il e karşıl aş maksızı n i şl eml eri ni  ayarl ama gücünü 




Moder n gar ment  manufact uri ng pr ocesses use mot ori zed hi gh-speed sewi ng 
machi nes,  whi ch exert  very hi gh t ensi ons i n t he t hr ead and al so hi gh needl e 
penetrati on f orces.  As a r esul t,  bot h t he sewi ng thread and t he yar ns i n t he f abri c 
get  abr aded/ sever ed dur i ng t he seami ng pr ocess.  The ext ent  of  damage becomes 
mor e criti cal  i f  t he f abri c bei ng used i s of  a dense,  t hi ck and heavy constructi on such 
as deni m.  
To overcome pr obl ems,  dependi ng on t he penetrati on f orces,  at  fi rst,  t he f orces 
acti ng duri ng sewi ng must be anal ysed.  
Ther e i s a l ittl e knowl edge about  needl e penet rati on f orces i n l it erat ure,  most  of 
t hem wer e done usi ng i neffi ci ent  sensor  or  dat a acqui siti on t echnol ogy.  The t ar get  of 
t hi s st udy,  t o est abli sh a sewability t est er  t o anal yse t he needl e penetrati on f orces of 
a l ock-stitch machi ne duri ng sewi ng pr ocess.  By usi ng strai n gauge and hi gh speed 
dat a acqui siti on syst ems,  it  can be possi bl e t o moni t or  needl e penetrati on f orces on-
li ne.  
To est abli sh a sewability t est er,  strai n gauges pr oduced by Hotti nger Bal dwi n 
Messt echni k ( HBM)  and ESAM Tr avell er  amplifier  wer e used as measuri ng uni t, 
besi des t he Si nger  591 D300A l ockstitch sewi ng machi ne.  Fi ve di ff erent  construct ed 
gr ey deni m f abri cs,  t hr ee t ypes of  needl es ( Si nger  16,  18 and 22)  and t wo t ypes of 
sewi ng t hr eads ( 40 Tkt  and 20 Tkt)  wer e chosen t o see t hei r  eff ect s t o t he sewi ng 
dynami cs.  The machi ne speed was kept  ar ound 1100 r pm.  The sampl es wer e 
pr epar ed accor di ng t o t he ASTM- D1908 st andard f or  t he f urt her  st udy.  Fi gur e 1 
shows t he gener al vi ew of t he syst em.  
 
Fi gur e 1 Gener al vi ew of  t he syst em 
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Dat a t aken f or m t he strai n gauges wer e pr ocessed and filt er ed usi ng t he ESAM 
soft war e.  The r esul t s showed t hat  t hi s syst em gi ves speci fi c wavef or ms accor di ng t o 
t he changi ng sewi ng paramet ers.  For  exampl e,  for  t wo f abri cs,  havi ng t he maxi mu m 
and t he mi ni mum wei ghts,  t wo di ff erent  si gnal s wer e obt ai ned,  f or  a 40 Tkt  sewi ng 
thread and Si nger  16 needl e t ype.  Fi gur e 2 and Fi gur e 3 shows t hi s di ff er ence 
bet ween t he t wo sewi ng condi ti ons respecti vel y. 
 
Fi gur e 2 Wavef or ms obt ai ned f or  t he sampl e coded 1112 (f abri c havi ng t he 
maxi mu m wei ght) 
 
Fi gur e 3 Wavef or ms obt ai ned f or  t he sampl e coded 1142 (f abri c havi ng t he 
mi ni mu m wei ght) 
As  can be seen cl earl y from t he Fi gur e 2 and t he Fi gur e 3,  maxi mum penetr ati on 
f orces ar e hi gher  f or  t he heavi er  f abri c.  Al so t he speci fi c wavef or ms of  the needl e 
bar f orces and t hei r order can be seen from t he figur es.  
If  hi st ogr ams ar e exami ned,  i t  can be sai d t hat, t hi s syst em can r ecogni ze t he pl y 
di ff erences duri ng sewi ng.  Fi gur e 4 shows t hat  for  Si nger  22 and f or  40 Tkt  sewi ng 
thread,  needl e penetration f orces wer e hi gher  f or  2 pl i ed f abri cs t han 1 pli es of  t he 
all fi ve f abri cs used duri ng t he experi ment.  



















Fi gur e 4 Eff ect s of f abri c pli es on t he needl e penetrati on f orces.  
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Resul t s appar entl y show t hat  t hi s syst em,  i f  devel oped f urt her,  can be used as a 
sewability t est er  t o det ermi ne needl e penetrati on f orces of  di ff erent  t ypes of  needl es 
or  mat eri al s,  empoweri ng appar el  and t extil e manuf act ur ers t o t une t hei r  pr ocesses, 
avoi di ng quality probl ems.  
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1. I NTRODUCTI ON 
The weari ng of  cl ot hi ng became a necessit y very many years ago,  f or  reasons of 
modest y,  comf ort  and prot ecti on.  Thi s necessit y has survi ved over  t he year s but  t he 
reasons become mor e compl i cat ed and i nvol ve soci al and psychol ogi cal fact ors [ 1]. 
The most  accept abl e means of  j oi ni ng t extil e mat eri al s f or  appar el  use i s by sewi ng, 
and al t hough ot her  t echni ques have been i nvent ed such as ul trasoni c wel di ng, 
f usi ng and gl ui ng,  t hey have f ound l i mi t ed use due t o t hei r  l ow st r engt h,  l ow 
ext ensi bility and rel ati vely hi gh cost [ 1]. 
I n t he appar el  i ndustry,  sewi ng i s one of  t he mai n pr ocesses,  i n whi ch t her e has 
been a const ant  i ncr ease of  t he degr ee of  aut omati on.  The pr ocess i t self  however  i s 
not  t ot all y controll ed.  Mat hemati cal  model s are nor mall y unavail abl e or  of  l ittl e 
pr acti cal  use,  and quantit ati ve i nf or mati on about  t he oper ati ng par amet er s of  t he 
machi nes ar e i n gr eat  part  unknown and/ or  not  used i n pr acti ce.  The exi sti ng 
knowl edge i s mai nl y empi ri cal,  acqui red over  t he years by appar el,  sewi ng machi ne 
and accessori es manuf act ur ers.  Choi ce of  needl es,  t hr eads,  and machi ne setti ngs i s 
based on gener al  gui delines,  experi ence and t ri al  and err or.  The i ncr easing vari et y 
of  f abri cs t o be sewn,  combi ned wi t h t he si gni fi cant  r educti on of  or der  si ze,  boost  t he 
need t o r educe l ead ti mes and t o avoi d quality pr obl ems,  whi ch nor mally i ntroduce 
seri ous pr oducti on del ays [ 2]. 
Appar el  manuf act uri ng i s t r aditi onall y very l abour  i nt ensi ve due t o t he ext ensi ve 
st yl e and f abri c vari ati on of  t he pr oduct s.  Most  of  t he sewi ng machi ne manuf act ur ers 
and some of  t he l ar ger  appar el  compani es have devel oped semi - aut omat ed sewi ng 
st ati ons t o perf or m oper ati ons,  whi ch ar e const ant  acr oss a l ar ge st yl e r ange.  These 
nor mall y r equi re an operat or  t o l oad t he machi ne,  whi ch t hen aut omati cal l y sews 
and st acks t he component s.  Al t hough such st at i ons i mpr ove pr oducti on effi ci ency, 
t hey r emove t he al most  unconsci ous oper at or  i nspecti on of  t he oper ati on.  The r esul t 
i s t hat  onl y maj or  seam f aul t s ar e observed,  f or  exampl e,  t hr ead br eaks.  Ot her 
f ault s,  mi s-stitches or  non-  i ncl uded seams f or  exampl e,  may not  be det ect ed until 
t he gar ment  i s compl eted or  per haps not  until  aft er  l aunderi ng.  At  t hi s poi nt,  t he 
manuf act ur er’ s cost  i s at  a maxi mu m.  I n or der  to r educe t he number  of  def ecti ve 
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gar ment s i t  i s necessary t o devel op compl et e seam moni t ori ng syst ems that  meet 
t he appar el manuf act ur er’ s requi rement s of fl exi bi lity, cost and reli ability [ 3,4].  
Fi br es ar e a val uabl e nat ur al  r esource and t he mass pr oducti on of  cl ot hi ng 
consumes much ener gy.  It  i s t her ef or e i mportant  t hat  we pr oduce onl y qual it y 
gar ment s t o eli mi nat e wast e and conserve r esources.  The engi neer ed producti on of 
hi gh quality f abri cs and gar ment s i s an essenti al  f act or  i n t he consi st ent  pr oducti on 
of  hi gh quality gar ment s.  I n f ut ur e,  we must  pr oduce onl y good gar ment s and not 
pr oduce poor  ones,  because fi bres ar e val uabl e nat ur al  r esources,  and mass 
pr oducti on spends a l ot  of  ener gy.  For  t hese r equi rement s,  t he engi neer ed 
pr oducti on of hi gh quality f abri cs and gar ment s i s essenti all y i mport ant [ 5]. 
Hi gh quality gar ment s ar e essenti al  f or  competi ng i n t oday' s hi ghl y competiti ve, 
gl obal  mar ket.  Seam constructi on i s a criti cal  process i n assembl i ng most  appar el  
pr oduct s.  Tr adi ti onall y,  seam i nspecti on has been t he r esponsi bility of  a qual it y 
control  i nspect or  and t he oper at or  t o i nspect  t he seams f or  def ect s.  Thi s sort  of 
quality control  i s capabl e of  det ecti ng onl y vi sual  seam def ect s duri ng t he 
constructi on of  t he garment.  Less noti ceabl e or  hi dden fl aws t hat  may not  be 
det ect ed until  t he gar ment  i s compl et e.  Whi l e some of  t he def ecti ve gar ment s so 
pr oduced may be r epai red or  sol d as seconds,  ot hers must  be di scarded at  t he 
manuf act ur er' s l oss.  Whi l e t he pr ospect  of  semi -  and f ull y aut omati c sewi ng st ati ons 
off ers t he possi bility of  i ncreased pr oducti on effi ci ency,  tradi ti onal  quality control  
measur es must be repl aced wi t h on-li ne aut omat ed seam moni t ori ng systems [ 6]. 
Aut omat ed sewi ng machi nes wi ll  i ncr ease t hei r  use gr aduall y i n t he apparel  i ndustry 
t o i mpr ove t he l abour-int ensi ve st yl e of  apparel  manuf act uri ng.  The i nt elli gent 
sewi ng machi nes whi ch can be controll ed by f abri c pr operti es wi ll  become mor e 
popul ar  i n t he near  f ut ure.  The aut omati on of  i ndi vi dual  machi nes i n t he pr oducti on 
li ne i s much mor e i mpor tant  t han t he compl et el y conti nuous aut omat ed l ine at  t hi s 
st age.  Fi rst,  t he compl etion of  t he component  machi ne i s necessary and t hen a t ot al  




2. STI TCH FORMATI ON AND SEWI NG MACHI NE 
2. 1 Stitch For mati on 
For  t he pur pose of  st andar di zati on of  stitch and seam f or mati ons,  t wo st andar ds 
wer e devel oped about  the same ti me:  The Uni ted St at es Feder al  Sti t ch and Sea m 
Speci fi cati ons ( Feder al  St andar d 751a)  and The Bri ti sh St andar d BS 3870: 
Schedul e of Stitches, Seams and Stitchi ngs.  
Feder al St andar d 751a makes t he f oll owi ng di stincti ons by defi ni ng t hese ter ms:  
 A stit ch i s one uni t  of  conf or mati on of  t hr ead r esul ti ng f ro r epeat edl y passi ng 
a strand or  strands and/or  l oop or  l oops of  t hr ead i nt o or  t hr ough a mat eri al  
at uni f or ml y spaced i nt erval s t o f or m a seri es of stitches.  
 A seam i s a j oi nt  consi sti ng of  a sequence of  st itches uni ti ng t wo or  more 
pi eces of  mat eri al s and i s used f or  assembl i ng part s i n t he pr oducti on of 
sewn it ems.  
 A stit chi ng consi st s of  a sequence of  stitches f or  fi ni shi ng an edge or  f or 
or nament al pur poses or bot h i n prepari ng part s f or assembl i ng [ 8]. 
Much of  t he appli cati on of  t echnol ogy t o cl ot hi ng manuf act ur e i s concer ned wi t h t he 
achi evement of sati sf actoril y sewn seams.  
The achi evement,  at  an economi cal  l evel ,  of  t he vari ous r equi rement s of 
appear ance and perf ormance of  sewn seams,  bot h i ni ti all y and duri ng use,  i s t he 
resul t  of  t he sel ecti on of  t he correct  combi nati on of  fi ve f actor s duri ng 
manuf act uri ng. Namel y;  
 The stitch t ype whi ch i s a parti cul ar confi gur ati on of t hread i n t he f abri c,  
 The seam t ype whi ch i s a parti cul ar confi gur ati on of f abri c(s),  
 The needl e whi ch i nsert s t he t hread i nt o t he f abri c, 
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 The sewi ng t ype f eedi ng mechani s m whi ch moves t he f abri c past  t he needl e 
and enabl es a successi on of stitches t o be f or med;  
 The t hread, whi ch f or ms the stitch whi ch eit her hol ds t he f abri c t oget her, 
neat ens or decor at es it [9].  
2. 1. 1 Stitches 
2. 1. 1. 1 Stitch Pr operti es 
Pr operti es of  stitches t hat  r el at e t o aest heti cs and perf or mance ar e si ze,  t ensi on and 
consi st ency.  Stit ch si ze has t hr ee di mensi ons:  l engt h,  wi dt h and dept h.  Each may 
aff ect t he aest heti c appear ance, dur ability and cost of a gar ment.  
 Stit ch l engt h i s speci fi ed as t he number  of  stitches per  i nch ( spi ).  It i s 
det er mi ned by t he amount  of  f abri c t hat  i s advanced under  t he needl e 
bet ween penetrati ons.  Hi gh spi  means short  stitches,  whi ch ar e usuall y more 
dur abl e t han l ong ones because of subj ecti ng t o abr asi on.  
 Stit ch wi dt h r ef ers t o t he hori zont al  span ( bi ght)  cover ed i n t he f or mati on of 
one stitch or si ngl e li ne of stitchi ng.  
 Stit ch dept h i s t he di stance bet ween t he upper  and l ower  surf ace of  t he 
stitch. 
Thr ead t ensi on i nvol ves t he bal ance of  f orce on t he t hr eads t hat  f or m t he stit ch and 
the degr ee of  compr ession on t he f abri c cr eat ed by t he t hr eads t hat  as a sti t ch i s 
f or med.  Tensi on ensur es t he uni f or m suppl y of  t hr ead and det er mi nes how wel l  
stitches conf or m t he st andar d f or mati on.  Tensi on i s controll ed by adj usting a scr ew 
that hol ds t he pr essur e di sks.  
Stit ch consi st ency i s t he uni f or mi t y wi t h whi ch each stit ch i s f or med i n a r ow of 
stitches.  Ther e must  be a compati bility of  f abric,  stitch and seam t ype,  needl e, 
t hread and machi ne settings [ 9]. 
2. 1. 1. 2 Stitch Cl asses 
Ever y cat egor y of  sewi ng machi ne pr oduces a speci fi c t ype of  stitch f or mati on 
dependi ng on t he number  of  needl es,  l oopers and t hr eads,  whi ch combi ne t o 
construct  t he stitch.  Each of  t hese confi gur ati ons i s known as a stit ch t ype and t hey 
ar e cl assifi ed accor di ng to t hei r mai n char act eri stics [ 10]. 
Bri ti sh St andar d 3780:  Part  1:  1991:  Cl assifi cati on and Ter mi nol ogy of  Sti t ch Types 
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i s t he st andar d r ef er ence t o t he wi de r ange of  stitch t ypes.  It  defi nes a stit ch as “  one 
uni t  of  conf or mati on resul ti ng f rom one or  mor e strands or  l oops of  t hr ead 
i ntral oopi ng, i nt erl oopi ng or passi ng i nt o or t hrough mat eri al [ 9, 11]. 
I ntral oopi ng i s t he passing of  a l oop of  t hr ead t hr ough anot her  l oop f ormed by  t he 
same t hr ead,  i nt erl oopi ng i s passi ng of  a l oop of  thr ead t hr ough anot her  l oop f or med 
by a di ff erent  t hr ead,  and i nt erl aci ng,  a t er m al so used i n r el ati on t o cert ain stit ches, 
i s t he passi ng of a t hread over or anot her t hread or l oop of anot her t hread.  
A seri es of  r ecurri ng stitches of  one confi gur ati on i s defi ned as a stit ch type.  BS 
3870 di vi des t he many t ypes whi ch ar e avail abl e int o si x cl asses [ 9]. 
 Cl ass 100: chai nstitches 
 Cl ass 200: stitches ori gi nati ng as hand stitches 
 Cl ass 300 l ockstitches 
 Cl ass 400: mul ti-t hread stitches 
 Cl ass 500: over edge stitches 
 Cl ass 600: fl at seam or coveri ng stitches [ 9, 10]  
The pri nci pal  t ype of  sewi ng machi ne r emai ns t he l ockstitch,  whi ch i s most  wi del y 
used and i s l i kel y t o r emai n t he most  common and versatil e machi ne f or  t he near 
f ut ure,  parti cul arl y f or  sewi ng woven f abri cs [ 12]. The commonest  stitch t ype i n use 
i n t he i ndustry i s t he l ockstitch.  It  i s al so t he one wi t h whi ch peopl e ar e i ni ti all y most 
f ami li ar  si nce i t  i s al most  uni versall y used i n domesti c machi nes.  Because t hi s st udy 
was done on l ockstitch sewi ng machi ne,  i t  i s f ound t o be necessary t o onl y menti on 
about l ockstitch pr operti es [ 9]. 
The commonest  stit ch t ype i n use i n i ndustry i s l ockstitch [ 11].  The stit ch t ypes i n 
t hi s cl ass ar e f or med t wo or  mor e gr oups of  t hr eads,  and have gener al  char act eri sti c 
t he i nt erl aci ng of  t he t wo or  mor e gr oups.  Loops of  t he one gr oup ar e passed 
through t he mat eri al  and ar e t he secur ed by t he t hr ead or  t hr eads of  t he second 
gr oup.  One gr oup i s normal l y r ef erred as t he needl e t hr eads and t he ot her  gr oup as 
bobbi n t hr eads.  The i nt erl aci ng of  t hr ead i n sti tches of  t hi s cl ass makes them ver y 




Fi gur e 2. 1 The appear ance of t he stitch 
Lockstit ch has enough strengt h f or  most  pur poses,  pr ovi ded t hat  sui t able t hr ead i s 
used,  and enough stretch,  when correctl y bal anced,  f or  conventi onal  and comf ort 
stret ch f abri cs stret chi ng up t o 30 per  cent  or  even mor e.  It  has t he same 
appear ance on bot h si des,  and advant age deni ed t o vi rt uall y all  ot her  stitch t ypes 
and of  si gni fi cance i n t he assembl y pr ocess of  gar ment s.  The stit ch i s secur e 
because of  t he br eaki ng of  one stit ch i n wear  wi ll  not  cause t he whol e r ow to unr avel  
and addi ti onall y t he end of  a l i ne of  stitchi ng can be secur ed by r eversi ng or 
‘ backt acki ng’.  Al t ernati vel y,  i f  t he backt ack l ever  i s deli ber at el y r estri ct ed,  a gr oup of 
s mall  or  condensed stitches i s f or med whi ch secur es t he end of  t he stitchi ng wi t hout 
t he machi ne act uall y sewi ng i n r everse.  The t hread i n l ockstitch gener ally beds wel l  
i nt o t he f abri c, whi ch i mproves abr asi on resi st ance [ 9]. 
2. 1. 2 Sea ms 
The pri mar y f uncti on of  a seam i s t o pr ovi de a uni f or m stress t ransf er  fr om one 
pi ece of  f abri c t o t he ot her,  t hus pr eservi ng t he over-all  i nt egrit y of  t he f abri c 
assembl y [ 11]. 
Seams must  have fl exi bi lity and strengt h.  Gar ment  desi gn,  end use,  f abric t ype and 
wei ght,  oper at or  skill s and equi pment  ar e anal ysed t o det er mi ne whi ch seam t ypes 
ar e t he most appr opri at e f or a parti cul ar st yl e [ 8]. 
2. 1. 2. 1. Sea m Di mensi ons 
Seams have t hr ee di mensi ons:  l engt h,  wi dt h and dept h.  They aff ect  gar ment  quality, 
perf or mance and cost s.  
 Seam Lengt h:  It  i s t he t ot al  di st ance cover ed by a conti nuous seri es of 
stitches,  such as si de seam or  shoul der  seam,  and det er mi ned by gar ment 
desi gn and si ze.  
 Seam Wi dt h:  It s consi der ati ons ar e di vi ded i nto t hr ee:  seam al l owance i s 
measur ed f rom t he cut  edge of  f abri c t o t he mai n l i ne of  stitches.  Thi s i s t he 
amount  of  f abri c t hat  extends beyond t he act ual  seam l i ne.  Seam headi ng i s 
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t he di st ance from t he f ol ded edge of  t he t op pl y t o t he fi rst  li ne of  stitches. 
The wi dt h of  t he stit ches i s r el ati ve t o t he seam vari es wi t h stitch t ype,  l at eral  
move ment  of  t he needl e bar  and spr eader,  or  t he number  of  needl es used. 
Seam wi dt h i s t he di stance bet ween t he out er most  l i nes of  stit ches as 
det er mi ned by t he space bet ween t he needl es on t he needl e bar. 
 Seam Dept h:  It  i s t he t hi ckness or  compr essi bility (fl at ness)  of  a seam whi ch 
aff ect ed by f abri c wei ght, f abri cati on and sel ecti on of a seam t ype [ 8]. 
2. 1. 2. 2 Sea m Cl asses  
A seam i s a j oi nt  where a sequence of  stitches uni t es t wo or  mor e pi eces of 
mat eri al.  Seams,  l i ke stitches,  ar e cl assifi ed accordi ng t o mai n and sub-classes [ 10]. 
The choi ce of  seam t ype i s det er mi ned by aestheti c st andar ds,  strengt h,  dur ability, 
comf ort  i n wear,  conveni ence i n assembl y i n r el ati on t o t he machi nery avail abl e and 
cost. Tabl e 2. 1 shows seam cl asses’ descri pti ons.  
Tabl e 2. 1 Seam Cl asses 
Bri ti sh St andar d Feder al st andar d Descri pti on 
Cl ass 1 SS Superi mposed 
Cl ass2 LS Lapped 
Cl ass3 BS Bound 
Cl ass4 FS Fl at  
The Bri ti sh St andar d di vi des stit ched seams i nto ei ght  cl asses accor ding t o t he 
mi ni mu m nu mber  of  parts t hat  make up t he seam;  t wo of  t hem wer e added i n 1983 
edi ti on of  Briti sh St andards wi t hout  descri pti ve names.  These t wo addi ti onal  cl asses 
ar e i ncl uded i n t he U. S. St andar ds as l apped seams [ 9, 11]. 
 Cl ass 1 ( Superi mposed Sea m)  ( SS):  The most  commonest  construction 
seam on gar ment s i s Superi mposed Seam ( Cl ass 1)  The si mpl est  seam t ype wi t hi n 
t he cl ass i s f or med by superi mposi ng t he edge of  one pi ece of  mat eri al  on anot her. 
A vari et y of  stitch t ypes can be used i n t hi s t ype of  seam,  bot h f or  j oi ni ng t he f abri cs 
and f or  neat eni ng t he edges or  f or  achi evi ng bot h si mul t aneousl y as can be seen i n 




Fi gur e 2. 2 Superi mposed seams 
 Cl ass 2 (  Lapped Seam )  ( LS ):  It  i s defi ned as t wo or  mor e pi eces of  f abri c 
j oi ned by overl appi ng at  t he needl e.  Thi s i s t he l argest  seam cl ass,  i ncl udi ng 101 
di ff erent seam t ypes. These seams may be sewn wi t h a l ockstitch or chai nstitch.  
 Cl ass 3 ( Bound Seam)  (BS):  Thi s cl ass r equi res a separ at e pi ece of  f abri c 
t hat  encompasses t he edge of  one or  mor e pi eces of  t he gar ment.  They may be 
sewn wi t h a l ockstitch, chai n stitch or coverstitch.  
 Cl ass 4 ( Fl at  Seam)  ( FS):  The f or mati on of  t hi s seam occurs wi t h t he butti ng 
t oget her  of  t wo pi eces of  f abri c,  but  not  overl appi ng t hem.  They ext end acr oss t he 
seam, hol di ng bot h pi eces t oget her and coveri ng the seam on one or bot h si des. [ 8]  
 Cl ass 5 ( Decor ati ve Stitchi ng):   The mai n use of  t he seam i s f or  decor ati ve 
sewi ng on t he gar ment s.  
 Cl ass 6 ( Edge Neat eni ng):  Seam t ypes i n t hi s cl ass i ncl ude t hose wher e 
f abri c edges ar e neat ened by means of stitches.  
 Cl ass 7:  Seams i n t hi s cl ass r el at e t o t he addi tion of  separ at e i t ems t o t he 
edge of  a gar ment  part.  They ar e si mil ar  t o t he l apped seam except  t hat  t he added 
component has a defi nite edge on bot h si des.  
 Cl ass 8:  I n t hi s cl ass,  onl y one pi ece of  mat eri al  need be i nvol ved i n 
constructi ng t he seam [ 9]. 
 
2. 1. 3 Feed Syst ems 
The mat eri al  handli ng component s of  a machi ne ar e oft en r ef erred t o as t he f eedi ng 
syst em.  For  a pr eci se l ine of  stitches t o be f ormed,  f abri c must  be moved t hr ough 
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t he stit ch f or mi ng ar ea of  t he machi ne wi t h accur acy and pr eci si on.  The f eedi ng 
syst em control s f abri c movement.  It  usuall y consi st s of  t hr ee part s:  t he presser  f oot, 
t he t hr oat  pl at e,  t he f eed dogs (t he f eed mechani s m).  They ar e speci fi c t o t he 
machi ne t ype,  number  of  t he needl es used,  t ype of  t he adj ust ment s used and t he 
types of oper ati ons [ 8]. Fi gur e 2. 3 shows t he f eed syst em component s.  
 
 
Fi gur e 2. 3 Feed syst em component s: presser f oot, f eed dogs and t hr oat plat e  
2. 1. 3. 1 Presser Foot  
The pr esser  f oot,  whi ch i s att ached t o t he pr esser  bar,  i s t he upper  part  of  t he 
f eedi ng combi nati on t hat  hol ds t he f abri c i n pl ace f or  t he f eedi ng acti on and stit ch 
f or mati on.  It  control s t he a mount  of  pr essur e pl aced on t he f abri c as i t  fed t hr ough 
the machi ne [ 8]. Fi gur e 2.4 shows t he pr esser f oot and f eed dog [ 13]  
 
Fi gur e 2. 4 Pr esser f oot and f eed dog 
2. 1. 3. 2 Thr oat Pl at e 
Thr oat  pl at es ar e r emovabl e met al  pl at es att ached t o an adapt er  pl at e or  thr oat  pl at e 
support,  di rectl y under  the needl e.  Thr oat  pl at es support  t he f abri c as t he needl e 
penetrat es t o f or m t he stitch [ 8]. 
Thi s pr ovi des a s moot h surf ace f or  t he mat eri al  to pass over,  and has one or  mor e 
sl ot s t o accommodat e t he movement  of  t he f eed dogs.  The t hr oat  pl at e al so has a 
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needl e hol e(s)  and someti mes a sl ot  f or  sewi ng needl e acti ons such as t hat  of  a 
zi gzag machi ne [ 10]. 
2. 1. 3. 3 Feed Mechani sms  
Feed mechani s ms control  t he di recti on of  f abri c move ment  and t he amount  of  f abri c 
move ment  f or  each stitch.  These move t he mat eri al  f or war d a pr e- det er mi ned 
di st ance t o all ow successi ve penetrati ons of  t he needl e.  The stit ch r egul ator  fitt ed t o 
machi nes control s t he di st ance t he wor k tr avel s bet ween each penetrati on,  and t hi s 
di st ance call ed stitch l engt h [ 10].  Most  machi nes have bott om- dr op oscill ati on f eeds 
call ed f eed dogs,  maj or  part  of  most  l ower-f eed syst ems,  t hat  r ot at e i n an el li pti cal  
patt ern bel ow openi ngs i n t he t hr oat  pl at e.  Feed dogs (f eed t eet h)  ri se above t he 
t hroat  pl at e and carry t he f abri c t owar d and away from t he needl e and drop down 
and away f rom t he f abric as t he needl e descends i nt o t he f abri c t o f orm a stit ch. 
Vari abl es ar e t oot h hei ght,  shape,  angl e,  wi dt h,  number  of  r ows,  number  of  t eet h i n 
each r ow,  and t he pl acement  of  t he r ows.  Top f eeds can be used wi t h f eed dogs or 
oper at e i ndependentl y of bott om f eeds [ 8]. 
Ther e ar e vari ous f eed syst ems i n common use ar e:  dr op f eed,  compound f eed, 
uni son f eed,  dr op and vari abl e t op f eed,  di ff erenti al  bott om and vari able t op f eed 
[10]. 
2. 1. 4 Needl es 
These wer e pr obabl y among t he fi rst  t ool s devi sed by man t hat  still  r emai ni ng i n use 
today [ 10]. The f uncti ons of t he sewi ng machi ne needl e i n gener al are:  
 To pr oduce a hol e i n t he mat eri al  f or  t he t hr ead t o pass t hr ough and t o do so 
wi t hout causi ng any damage t o t he mat eri al; 
 To carry t he needl e t hr ead t hr ough t he mat eri al  and t her e f or m a l oop whi ch 
can be pi cked up by t he hook on t he bobbi n case i n a l ockstitch machi ne or 
ot her mechani sm i n ot her machi nes;  
 To pass t he needl e t hr ead t hr ough t he l oop f or med by t he l ooper  mechani s m 
on machi nes ot her  t han l ockstitch [ 9,  14].  The commonest  needl e shape, 





Fi gur e 2. 5 Part s of a sewi ng machi ne needl e  
Needl e si ze i ndi cat es t he di amet er  of  t he needl e bl ade shortl y above t he scarf  or  t he 
short  gr oove [ 15].  Ther e ar e about  30 needl e si ze syst ems i n current  use and t he 
equi val ent s bet ween syst ems ar e usuall y shown i n t he manuf act ur er’ s handbook, 
whi ch comes wi t h t he sewi ng machi ne [ 10,  16]. Needl es ar e avail abl e i n a wi de 
range of  si zes and t he choi ce of  si ze i s det er mi ned by t he f abri c and t hr ead 
combi nati on,  whi ch i s t o be sewn.  Corr ect  si ze i s essenti al  t o good sewi ng 
perf or mance but  as f abrics t end t o become fi ner  and,  i n many cases,  more densel y 
construct ed,  t he demand i s f or  needl es and t hr eads whi ch can be used sati sf act oril y 
i n s mall er  si zes.  Di ff erent  needl e manuf act ur ers use t hei r  own nomencl at ur e t o 
descri be needl e si zes but  t he si mpl est  si zi ng syst em i s t he metri c one.  The met ri c 
si ze or  Nm of  a needl e i s r el at ed t o t he di amet er  at  a poi nt  at  t he mi ddl e of  t he bl ade 
above t he scarf  or  short  gr oove but  bel ow any r ei nf orced part.  Thi s measurement,  i n 
mi lli metres,  mul ti pli ed by 100,  gi ves t he metri c number.  Thus a di amet er  of  0. 9 mm 
i s an Nm 90;  a di amet er of  1, 1 mm i s an Nm 110.  Fi gur e 2. 6 shows met ri c needl e 
si zi ng.  
 
Fi gur e 2. 6 Metri c needl e si zi ng  
Typi cal  metri c needl e si zes ar e shown i n t he Tabl e1. 2 al ong wi t h t he equi val ent 
si zes i n t he Si nger  system and t ypi cal  t hr ead si zes,  gi ven i n t he ti cket  number 
syst em f or synt heti c t hreads [ 9]. 
Tabl e 2. 2 Needl e and t hread si zes  
Thr ead si zes i n synt heti c 
ti cket number s 
Needl e si zes i n met ri c 
syst em 
Needl e si zes i n Si nger 
syst em 
8 180 24 
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16 140 22 
30 120 19 
50 110 18 
75 90 14 
120 80 12 
180 70 10 
320 60 8 
The shank i s t he upper  part  of  t he needl e,  whi ch l ocat es wi t hi n t he needl e bar.  It 
may  be cyli ndri cal  or  have a fl at  si de,  accor ding t o how i t  i s secur ed i nt o t he 
machi ne.  It  i s t he support  of  t he needl e as a whol e and i s usuall y l ar ger  i n di amet er 
t han t he rest of t he needl e f or reasons of strengt h.  
The shoul der  i s t he section i nt er medi at e bet ween t he shank and t he bl ade,  t he l att er 
f or mi ng t he l ongest part of t he needl e down t o t he eye.  
The bl ade i s subj ect  t o t he gr eat est  amount  of  f ri cti on f rom t he mat erial  t hr ough 
whi ch t he needl e passes.  I n needl es desi gned f or  use i n hi gh-speed sewi ng 
machi nes t he shoul der  i s oft en ext ended i nt o t he upper  part  of  t he bl ade t o gi ve a 
t hi cker  cr oss-secti on whi ch j ust  ent ers t he mat erial  when t he needl e i s at  i t s l owest 
poi nt  on each stit ch.  Thi s suppl ement ary shank or  r ei nf orced bl ade strengt hens t he 
needl e and al so enl ar ge t he hol e i n t he mat eri al  when t he needl e i s at  i ts l owest 
poi nt,  t hus r educi ng f ri ction bet ween i t  and t he mat eri al  duri ng wi t hdr awal  aft er  each 
stitch. 
The l ong gr oove i n t he bl ade pr ovi des a pr ot ect i ve channel  i n whi ch t he t hr ead i s 
dr awn down t hr ough t he mat eri al  duri ng stit ch f or mati on.  Sewi ng t hr ead can suff er 
consi der abl y fr om abr asi on duri ng sewi ng as a resul t  of  fri cti on agai nst  t he f abri c 
and a correctl y shaped l ong gr oove,  of  a dept h mat ched t o t he t hr ead di amet er, 
off ers consi der abl e pr ot ecti on t o t he t hread.  
The short  gr oove i s on t he si de of  t he needl e,  whi ch i s t owar ds t he hook or  l ooper 
and i s a gr oove,  whi ch ext ends a l ittl e above and bel ow t he eye.  It  assi st s i n t he 
f or mati on of t he l oop i n the needl e t hread.  
The eye of  t he needl e i s t he hol e ext endi ng t hr ough t he bl ade from t he l ong gr oove 
on one si de t o t he short  gr oove on t he ot her.  The shape of  t he i nsi de of  t he eye at 
t he t op i s criti cal  bot h i n r educi ng t hr ead damage as t he needl e penet r at es t he 
mat eri al  and i n pr oducing a good l oop f or mation.  On some needl es,  known as 
bul ged eye needl es,  t he eye ar ea has a l ar ger  cr oss-secti on t han t he rest  of  t he 
bl ade.  Thi s serves a si mil ar  pur pose t o t he r ei nf orced shoul der  menti oned above i n 
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t hat,  as t he needl e ent ers t he mat eri al,  i t  cr eat es a l ar ger  hol e t han i s needed by t he 
mai n part of t he bl ade, t hus reduci ng needl e t o f abri c fri cti on.  
The scarf  or  cl ear ance cut  i s a r ecess acr oss t he whol e f ace of  t he needl e j ust 
above t he eye.  It s pur pose i s t o enabl e a cl oser  setti ng of  t he hook or  l ooper  t o t he 
needl e.  Thi s ensur es t hat  t he l oop of  needl e t hr ead wi ll  be mor e r eadil y ent er ed by 
t he poi nt of t he hook or looper.  
The poi nt  of  t he needl e i s shaped t o pr ovi de t he best  penetrati on of  each t ype of 
mat eri al  accor di ng t o i t s nat ur e and t he appear ance t hat  has t o be pr oduced.  It  i s 
al so t he part  of  t he needl e,  whi ch must  be correctl y sel ect ed i n or der  to pr event 
damage t o t he mat eri al  of  t he seam bei ng sewn [ 9].  The most  i mport ant  aspect  of 
needl e desi gn i s t he poi nt,  because i t  has t o penetrat e t he f abri c wi t hout  cutti ng or 
causi ng ot her  damage.  As  a r ul e,  fi ne r ound poi nt  needl es ar e used f or  del i cat e 
f abri cs whi l e st ur di er  r ound poi nt s ar e pr ef er abl e f or  coarser  cl ot hs [ 10].  A sui t abl e 
sewi ng needl e i s very i mport ant  f or  quality assembl y of  gar ment s’  part s.  Good 
knowl edge of  ki nds and pr operti es of  pr ocessed t extil e mat eri al s as wel l  as of  t ypes 
of  sewi ng needl es i s needed i n or der  t o sel ect  the appr opri at e sewi ng needl e f or  a 
cert ai n mat eri al  [ 14].  The basi c di vi si on of  needl e poi nt s i s i nt o cutti ng poi nt s and 
cl ot h poi nt s.  Fi gur e 2. 7 shows t he needl e poi nt s.  Thi s di vi si on i s necessary because 
of  t he f undament all y di ffer ent  constructi ons of  t he t wo t ypes of  mat eri al  whi ch must 
be sewn,  namel y l eat hers and pl asti cs whi ch ar e essenti all y sheet  mat eri al s wi t h no 
gaps wi t hi n t he struct ur e,  and t extil e f abri cs whi ch,  whet her  woven,  kni tt ed or  made 
from bonded t extil e fi bres i n a non- woven f or m,  have spaces wi t hi n t he str uct ur e 
t hrough whi ch a needl e can penetrat e.  I n a sheet  mat eri al,  t he needl e poi nt  must  cut 
a suffi ci ent  hol e t hat  t he needl e bl ade and t hread can pass t hr ough it  wi t hout 
excessi ve f ri cti on,  but  t her e must  be suffi ci ent  st rengt h of  mat eri al  l eft  bet ween t he 
hol es t hat  t hey do not  run t oget her,  especi all y when under  stress,  and cause t he 
gar ment  t o split.  I n a t extil e mat eri al  cutti ng of  t he fi bres i s pr eci sel y what  must  be 
avoi ded si nce,  dependi ng on t he f abri c construct i on,  yar ns may r un back f r om t he 




Fi gur e 2. 7 Needl e Poi nt s ( a)  Cutti ng poi nt s,  (i )  Wedge poi nt,  (ii)  Narrow r everse t wi st 
poi nt,  (iii)  Cr oss poi nt  (b)  Cl ot h poi nt s:  set  poi nt,  heavy set  poi nt,  li ght  ball  poi nt, 
medi um ball poi nt, heavy ball poi nt. 
Di ff erent  shapes of  needl e poi nt s ar e used i n sewi ng.  Fi rst  of  all  t he shape of  a 
needl e poi nt  depends on pr ocessed mat eri al.  The needl e wi t h a nor mal  needl e poi nt 
(not ati on R or  wi t hout  not ati on)  can be used f or  sewi ng of  t he maj orit y of  t extil e 
mat eri al s.  The needl e poi nt  i s l i ghtl y r ounded and duri ng t he penetrati on t hrough t he 
mat eri al  pushes away t he t hr eads wi t hout  damagi ng t he mat eri al.  Needl es wi t h 
rounded or  ball  poi nt s (not ati on SES f or  li ght  ball  poi nt  and SUK f or  medi um ball 
poi nt)  ar e used f or  kni t wear  pr ocessi ng.  The needl e poi nt  pushes t he t hread l oops 
away eff ecti vel y si nce no t hr ead damages ar e al lowed because of  possi bi lity of  l oop 
bursti ng.  El asti c mat eri al s wi t h built-i n el asti c thr eads r equi re speci al  heavy ball 
poi nt s (not ati ons SKL and SKF) [ 14]. 
The ti p i s t he extreme end of  t he poi nt,  whi ch combi nes wi t h t he poi nt  i n defi ni ng t he 
penetrati on perf or mance [9]. 
2. 1. 5 Threads 
Sewi ng i s done wi t h a needl e and sewi ng t hr ead ei t her  manuall y or  by machi nes. 
Sewi ng t hr ead i s one of  t he most  i mport ant  el ement s r equi red t o pr oduce neat,  fi r m 
and dur abl e seam,  whi ch gi ves t he gar ment  t he necessary aest heti cs and t he st amp 
of  a quality pr oduct  [ 11]. They ar e used i n gar ment s,  uphol st ery,  hi gh-t emper at ur e 
appli cati ons and geot extil es t o j oi n diff erent component s by f or mi ng a seam [ 17].  
Sewi ng t hr ead may be defi ned as s moot h,  evenl y spun,  har d-t wi st ed pl y yar n, 
treat ed by a speci al  fi ni shi ng pr ocess t o make i t  resi st ant  t o stresses i n i ts passage 
through t he eye of  a needl e and t hr ough mat eri al  i nvol ved i n seami ng and stit chi ng 
oper ati ons.  It  j oi ns di ff erent  component s of  f abric by f or mi ng a seam t hat  pri maril y 
pr ovi des uni f or m stress t ransf er  from one pi ece of  f abri c t o anot her,  t hus pr eser vi ng 
 
 
(a)  (b) 
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t he over-all i nt egrit y of t he f abri c assembl y [ 11, 17]. 
A wi de vari et y of  t hr eads i s avail abl e t hat  di ffer  i n fi bre t ype,  constructi on,  si ze, 
col our,  and fi ni sh.  The choi ce of  t hr ead depends on t he perf or mance of  t he avai l abl e 
sewi ng t hreads and t he mat eri al bei ng sewn [ 11]. 
For  t he sewi ng pr ocess t o be t roubl e fr ee,  t he t hread must  be of  uni f or m di amet er, 
free f rom knot s,  and must  have mi ni mum t endency t o snarl.  Al l  conventi onal  sewi ng 
threads begi n t hei r  pr oducti on cycl e as si ngl es yar ns,  gener all y havi ng S- di recti on 
t wi st,  and r e next  t wi st ed t oget her  i n t he Z di recti on.  Thr eads ar e generall y 2-,  3- or 
4- pl y (f ol ded) or a cor d (cabl ed) [ 11, 18]  
Char act eri sti cs of sewi ng threads ar e as f oll ows:  
 Sewability:  Abi lity t o pr oduce a seam wi t h mi ni mum t hr ead br eakage during 
sewi ng oper ati on.  
 Seam securit y: Securit y of seams duri ng l ong use of f abri cs, gar ment s.  
 Col or  mat chability:  Must  be accept  a wi de r ange of  col ours t o mat ch wi th a 
wi de range of f abri cs shade [ 19]. 
 
 
2. 1. 5. 1 Thread Si zes 
When choosi ng a t hr ead f or  a parti cul ar  appli cati on,  t he t hr ead t ype ( cott on,  spun 
pol yest er  fi re,  cor e-spun et c.)  and si ze or  ti cket  number  must  be speci fi ed.  The si ze 
and strengt h of  a sewi ng t hr ead must  be appr opri at e t o t he wei ght,  t hi ckness and 
cl oseness of  t he f abri c t o be sewn.  It  shoul d be suitabl e f or  t he needl e t o be used.  I n 
gener al,  t hi cker  t hr ead i s used f or  heavi er  f abri c.  The cl ot hi ng i ndustry t ends t o use 
the fi nest  t hr ead t hat  provi des adequat e seam strengt h i n a gi ven appli cati on [ 11]. 
The si ze of  a sewi ng t hr ead i s gi ven by i t s ‘ ti cket  number’  ( Tkt  no.), whi ch i s 
i nt ended t o hel p i n choosi ng t he correct  t hr ead f or  a parti cul ar  pur pose.  In BS 4134, 
sewi ng t hr eads made whol l y or  partl y manufact ur ed fi bres (f or  syntheti c and 
cor espun t hr eads)  have ti cket  number s appr oxi mat el y equal  t o t hr ee ti mes t he 
met ri c count  ( Nm)  of  t he t hr ead (t hat  i s t o say,  i n t he t hr ee-f ol d t hr ead t he met ri c 
count  of  t he si ngl es component).  Sewi ng t hr eads made of  whol l y cott on have ti cket 
number s appr oxi mat el y equal  t o t hr ee ti mes t he cott on count  ( Ne)  of  t he t hr ead. 
So me sewi ng t hr eads carry a deci t ex numberi ng and t hi s conf orms  t o t he 
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st andar di sati on of  t he t ex yar n numberi ng system wi t h t he t extil e i ndustry.  The 
deni er  syst em i s used f or  monofil ament  sewi ng t hr eads Tabl e 2. 3 shows how ti cket 
number s shoul d be rel ated t o ranges of t he t ot al nomi nal  decit ex [ 18]. 
Tabl e 2. 3 Rel ati on bet ween Ti cket number s and deci t ex 
Sewi ng t hr eads cont ai ning manuf act ur ed 
fi bre 
Whol l y cott on sewi ng t hreads 
Deci t ex (dt ex) Ti cket number 
( Tkt) 
Deci t ex (dt ex) Ti cket number 
( Tkt) 
158 180 274- 324 60 
178- 200 160 324- 398 50 
354- 388 80 398- 468 40 
575- 635 50 540- 665 30 
710- 805 40 665- 810 24 
1430- 1580 20   
2. 1. 5. 2 Types of Sewi ng Thread 
As  wi t h ot her  t extil e mat eri al s,  sewi ng t hr eads ar e composed of  a fi bre t ype,  a 
constructi on and a fi ni sh, each of  whi ch may i nfl uence bot h t he appear ance and t he 
perf or mance of  t he t hr ead.  The si mpl est  di vi si on of  sewi ng t hr eads i s,  i n t er ms of 
mat eri al s,  i nt o t hose made f rom nat ur al  fi bres, t hose f rom man- made fi br es and 
those made f rom a mi xt ure,  and,  i n t er ms of  const ructi on i nt o t hose spun f rom st apl e 
or  short  fi bre l engt hs,  t hose made from conti nuous fil ament s and t hose whi ch ar e a 
combi nati on of t he t wo [ 9]. 
The maj orit y of  sewi ng t hr eads used by t he cl ot hi ng i ndustry ar e mostl y made f r om 
cott on and pol yest er  fi bre.  Sewi ng t hr eads made f r om nat ur al  fi bres such as l i nen, 
sil k,  and cert ai n man-made fi bres,  f or  exampl e pol yami de fi bres,  acryli c fi br es, 
pol ypr opyl ene fi bre,  PTFE fi br e,  Kevl ar  ar ami d fi bre,  gl ass fi bre and vi scose ar e al so 
used but  t hei r  appli cati ons ar e r estri ct ed owi ng t o t hei r  i nher ent  l i mi t ati ons.  Al so,  f or 
some speci fi c appli cations,  li ke embr oi dery,  hi gh-t emper at ur e and geot extil e 
appli cati ons, sewi ng t hreads ar e engi neer ed t o meet cert ai n requi rement s [ 11]. 
 Cott on Thr eads:  They are made from good quality l ong fi ne cott on fi bres. 
Cott on t hr eads i n gener al  pr ovi de a good sewi ng medi um,  but  st rengt h and abr asi on 
resi st ance ar e i nf eri or  t o synt heti c fi bres t hr eads of  equal  t hi ckness.  Cott on t hr eads 
wi t hst and hi gh t emper atur es bett er  t han synt hetic fi bres t hr eads and ar e t her ef or e 
l ess aff ect ed by needl e heati ng i n sewi ng and by hi gh t emper at ur e pr essing.  Cott on 
t hreads ar e of t hree t ypes: soft, gl ace (poli shed), and mer ceri sed.  
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 Li nen Thr eads:  Thr eads spun from fl ax ar e stronger  t han t hose of  cott on but 
if  t hey ar e t o be exposed t o bact eri al  acti on i n wet  condi ti ons,  t hey shoul d be r ot 
pr oof ed. Today, t hey ar e mai nl y superseded by moder n synt heti c fi bre t hreads.  
 Si l k Thr eads:  Si l k i s availabl e bot h as conti nuous fil ament  t hat  i s extruded by 
t he sil k wor m and as broken fil ament s spun i nto a yar n.  It  has hi gh extensi bility, 
good l ustrous appear ance and perf or mance,  but  it s hi gh cost  r estri ct s i t s use t o 
some speci al areas.  
 Synt heti c Fi br e Sewi ng Thr eads:  Synt heti c fi bre t hr eads gener all y have l ow 
shri nkage i n dr y cl eani ng and under  nor mal  washi ng condi ti ons.  Thi s propert y i s 
essenti al  t o avoi d pucker i ng i n mi ni mum- car e garment s.  They ar e stronger  and have 
a gr eat er  r esi st ance t o abr asi on t han ot her  t hr eads.  Furt her,  synt heti c fi bre t hr ead of 
hi gh ext ensi bility can be engi neer ed f or  kni tt ed or  stret ch f abri c.  They ar e not 
si gnifi cantl y aff ect ed by rot,  mi l dew or  bact eri a.  They have hi gh t enaci ti es, especi all y 
i n conti nuous-fil ament  for m,  and al so hi gh r esi st ance t o abr asi on [ 11]. They ar e 
di vi ded mai nl y i nt o t hree sub-cl asses:  
a)  Cor e- Spun Thr eads:  Corespun t hr eads consi st  of  a hi gh-t enacit y conti nuous 
fil ament  pol yest er  cor e cover ed by ei t her  a sheath of  a l ong st apl e cott on fi br es,  t o 
pr ovi de nat ur al  appear ance and t o r educe t he heat  gener at ed by const ant  f ast 
move ment s of  t hr ead t hr ough t he needl e,  ( Pol y/  Cott on),  or  a pol yest er  fi br e 
coveri ng,  because i t  i s l onger-l asti ng,  stronger  and non-fl ammabl e,  ( Pol y/Pol y).  The 
thread i s f or med by t wi sti ng sever al  of  t hese cor espun yar ns t oget her  t o pr ovi de 
cohesi on of t he fi bre coveri ng [ 11, 18]. 
b)  100 % St apl e- Fi ber  Thr ead:  The most  popul ar  t hr ead f or  cl othi ng 
manuf act ur e i s a spun stapl e-fi bre t hr ead of  100% pol yest er-fi bre yar ns.  The r eason 
for  pr oduci ng t hese fi bres opposed t o conti nuous-fil ament  synt heti c-fi bre sewi ng 
threads i s t o i ncr ease t he bul k or  f ull ness of  t he t hread.  The compar ati ve hai ri ness 
of t he t hread hel ps t o reduce t he t hread fri cti on and i mpr ove sewability [ 11] . 
c) Conti nuous- Fil ament Thread: Thi s cl ass i s sub- divi ded i nt o si x cl asses 
i. Monofil ament:  Each t hr ead consi st s of  onl y one fi l ament.  Nyl on6. 6.  i s 
usuall y used because of  i t s hi gher  mel ti ng poi nt,  whi ch i s i mport ant  when needl e 
heati ng occurs.  The t hread i s stiff er  t han most  sewi ng t hr eads,  but  i t  i s cl ai med 
advant age i s t hat,  si nce i t  i s transl ucent,  t he col our  of  t he f abri c t hat  i s bei ng stit ched 
shows t hr ough and consequentl y a wi de r ange of  di ff erent-col our ed sewi ng t hr eads 
i s not  needed.  Monofil ament s t end t o shri nk and cause seam pucker. They ar e 
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harsh on t he machi ne,  causi ng accel er at ed wear  on machi ne part s,  and r at her 
i nfl exi bl e because of  i t s cr oss secti on never  varies as i t  woul d wi t h mul tifil ament s. 
These t hreads ar e of li mi t ed use [ 11, 18]. 
ii. Mul tifil ament:  Mor e conventi onal  constructi ons of  conti nuous-fil ament 
t hread ar e i n mul tifil ament  f or m,  i n si ngl es or  plied or  cor ded.  I n si ngl e pl y-t hreads, 
each t hr ead consi st s of  numer ous i ndi vi dual  fil ament s and i ncor por at es a bondi ng 
agent  t o pr event  fil ament  separ ati on.  The t hr eads ar e sui t abl y t wi st ed and t hen 
treat ed wi t h a l i ght-bondi ng fi ni sh.  I n pli ed t hr eads,  each t hr ead consi st s of  t wo or 
mor e yar ns,  each cont aini ng numer ous i ndi vi dual  conti nuous fil ament s t he t hr ead 
may be bonded.  
iii. Bonded Conti nuous Fi l ament  Thr ead:  They ar e conti nuous-fil ament 
t hreads wi t h l ow t wi st  t o whi ch a sui t abl e bondi ng agent  has been appli ed.  Bondi ng 
of  sewi ng t hr eads consi sts i n t he appli cati on of  a uni f or m coati ng,  commonl y nyl on, 
aft er  whi ch t he t hr ead i s l ubri cat ed.  The bondi ng agent  pr ot ect s t he t hr ead f r om 
possi bl e heat  damage i n sewi ng,  pr event s cut  ends f rom f r ayi ng and al so pr event s 
run- back of t he t wi st [ 11] . 
i v. Fal se- Twi st  Text ur ed Pol yest er  and Nyl on Thr eads:  By vi rt ue of  t hei r 
cri mp ri gi dit y,  t ext ur ed t hr eads ar e very soft  and ext ensi bl e.  They are i deal  f or 
coveri ng very ext ensi bl e seams i n kni t wear,  under wear,  swi mwear,  f oundati on wear 
and ti ght s wi t h and added advant age of  t hei r  soft ness t o t he ski n [ 18]. Text uri ng 
reduces t he hi gh strength i n conti nuous fil ament thr eads [ 11]. 
v.  Ai r- Text ur ed Conti nuous Fi l ament  Thr ead:  Because ai r- bul ki ng 
pr ocess gi ves a di scontinuous surf ace t o t he t hread,  danger  of  t hr ead f usi on at  hi gh 
sewi ng speeds i s reduced. These yar ns pr ovi de bett er l ock i n t he f abri c. 
vi . Ai r-Jet  I nt er mi ngl ed Pol yest er  Fi br e Thr ead:  Thi s t hread i s composed 
of  a conti nuous fil ament  cor e surrounded by fil ament s t hat  have been ent angl ed by 
an ai r j et [ 11]. 
2. 2 The Thread Pat h 
The needl e-t hr ead i s t aken fr om a suppl y package and t hen passes t hr ough a pr e-
tensi oner  and bet ween t wo pr ofil ed met al  di scs hel d t oget her  under  spri ng pr essur e 
t o pr ovi de t he maj or  fri ctional  r esi st ance on t he t hread.   The spri ng pr essure on t hi s 
mast er  t ensi oner  i s adj ust ed by t ur ni ng t he t hr eaded nut  t hr ough t he l ooped 
ext ensi on of  t he check-spri ng,  whi ch i s a coil ed spri ng wor ki ng i n a t orque mode. 
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The check spri ng adds f urt her  r esi st ance t o t he t hr ead movement,  and i t  al so act s t o 
remai n a s mal l  r eservoi r  of  t hr ead i n a l oop hel d by t he spri ng.  Fr om t he check 
spri ng,  t he needl e t hr ead passes t hr ough a gui de and t hen t hr ough t he eye of  t he 
t ake- up l ever.  Thi s l ever  pr ovi des f undament al  control  of  t he movement  of  t he 
t hread t hr ough t he sewi ng machi ne,  and i t s dri ve geometry i s such t hat,  duri ng each 
stitch cycl e,  i t  ri ses t wi ce as f ast  as i t  f all s.  For m t he t ake- up l ever;  t he t hr ead 
passes t hrough anot her gui de and t hrough t he eye of t he needl e.  
2. 3 The Stitch- For mati on Sequence 
The l ockstitch cr eati on cycl e commences wi t h t he sewi ng t he needl e descendi ng 
i nt o t he f abri c pli es,  whi ch ar e st ati onary on t he t hr oat  pl at e of  t he sewi ng machi ne. 
The t ake- up l ever  f all s duri ng t hi s acti on and rel eases t hr ead,  whi ch t he needl e 
dr aws down t hr ough t he needl e hol e i n t he t hr oat  pl at e.  Aft er  r eachi ng t he li mi t  of  i t s 
downwar d excursi on,  t he needl e begi ns t o ri se;  yet,  t he t ake- up l ever  conti nues t o 
f all.  Once t he needl e has ri sen by appr oxi mat el y 3 mm (t hi s i s machi ne- dependent), 
t he f ri cti on of  t he needl e-t hr ead agai nst  t he f abri c,  coupl ed wi t h t he absence of 
t hread-f eed t ensi on,  causes a l oop t o f or m i n t he scarf  t o t he r ear  of  t he needl e.  Thi s 
l oop i s penetrat ed by t he r ot ary hook at  t he t op of  i t s cycl e.  The downwar d moti on of 
t he hook,  combi ned wi t h t he geometri cal  pr ofil e of  t he j i b on t he r ot ary hook,  causes 
the l oop t o t wi st  t hr ough 900  and t o ext end ar ound t he bobbi n,  t he bobbi n-case,  and 
the base.  The t ake- up l ever,  i n conti nui ng t o f al l,  suppli es t hr ead f or  t hi s pur pose, 
and t he check spri ng i s al so t ensi oned by t hi s t hread moti on.  The needl e-t hr ead i s 
t aken down t o t he j i b on t he r ot ary hook t hr ough t he needl e hol e i n t he t hroat  pl at e. 
As  t he t hr ead passes r ound t he maxi mum hook and base di amet er,  t o i nterl ace wi t h 
t he bobbi n t hr ead,  t he j i b cast s off  t he stit ch.  The t ensi on i n t he check spri ng i s 
rel eased and assi st s t he removal  of  t he yar n f rom t he r ot ary hook by dr awi ng t hr ead 
i nt o i t s r eservoi r.  At  t hi s ti me,  t oo,  t he t ake- up l ever  commences i t s ascent  and 
dr aws excess t hr ead up through t he t hr oat  pl at e and t hr ough t he f abri c,  thus pul li ng 
t he i nt erl ocked stit ch i nto t he f abri c pli es.  As t he needl e assumes i ts hi ghest 
posi ti on,  t he serrat ed dogs of  t he f abri c f eed mechani sm ri se t hr ough sl ot s i n t he 
t hroat  pl at e and cl amp the f abri c agai nst  t he undersi de of  t he pr esser f oot.  The 
fabri c i s t hen advanced t hr ough t he sewi ng machi ne by one stitch l engt h under  t he 
acti on of t he f eed dogs.  
Wi t h t he f abri c f eed i n moti on,  t hr ead i s r equi red t o f or m t he upper  and l ower  l engt hs 
of  t he next  stitch.  Duri ng t he f abri c pr ogr essi on,  t he t ake- up l ever  appr oaches t he 
t op of  i t s verti cal  travel ,  and t hi s upwar d excursi on al so cr eat es a demand f or  t hr ead. 
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The needl e t hr ead,  whi ch i s r equi red t o f or m t he i ncr easi ngl y l ar ge l oop ar ound t he 
ri si ng t ake- up l ever  and t o f or m t he stitch l ength,  i s i ni ti all y t aken from the check-
spri ng r eservoi r,  and t he check-spri ng i s t ensi oned as t hi s t hr ead i s dr awn away as 
part  of  t he i ni ti al  sati sf act i on of  t hi s demand.  The dampi ng acti on of  t he check-spri ng 
usef ull y r educes t he peak t hr ead t ensi on duri ng yar n f eed.  When t he check-spri ng 
reservoi r  i s exhaust ed,  the check-spri ng r eaches t he st op at  t he end of  i t s travel . 
Thr ead i s t aken from t he suppl y package by dr awi ng i t  t hr ough t he t ensi on di scs on 
t he t ensi on barrel. 
As  t he t ake- up l ever  begi ns i t s descent,  t he stitch i nt erl ock i s set  i nt o a bal anced 
st at e wi t hi n t he f abri c plies,  ai ded by t he r ecovery of  t he check spri ng,  whi ch r et ur ns 
t o i t s st art  posi ti on,  extracti ng t hr ead t o r epl eni sh i t s r eservoi r,  whi ch acti on al so 
pr event s t he descendi ng needl e fr om pi erci ng t he needl e t hr ead.  The process t hen 
repeat s f or  t he cr eati on of  t he f oll owi ng stit ch [ 20].  The pr ocess i s shown onl y f or 
needl e and bobbi n case in Fi gur e 2. 8 [ 9]. 
 
 

















3. SEAM APPEARANCE AND PERFORMANCE 
The pr essur e f rom i ndustry f or  hi gher  pr oducti vity has been mat ched i n r ecent  year s 
by consi der abl e i ncr eases i n sewi ng speeds.  Apart  from i ncr eases i n speed,  new 
types of  t extil e mat eri al s and new fi ner  sewi ng t hr eads have al so been devel oped, 
whi ch have r equi red finer  sewi ng needl es and i mpr oved control  of  t he sewi ng 
pr ocess.  These devel opment s have not  been wi t hout  t hei r  associ at ed pr obl ems 
duri ng t he course of  cl ot hi ng manuf act uri ng,  e.g.  achi evi ng puckerl ess sea ms  at 
hi gher  sewi ng speeds r equi red fi ndi ng t he appr opri at e combi nati on of  needl e,  t hr ead 
and sewi ng par amet ers. I n each case t he sol ution of  such pr obl ems r equi red an 
underst andi ng of  commerci al  sewi ng r el at ed t o seam char act eri sti cs and pr operti es 
such as seam strengt h, ext ensi on, damage, and appear ance [ 12]. 
Seam appear ance and perf or mance aff ect s bot h t he aest heti cs and perf ormance of 
a gar ment  and i t  i s very i mport ant  t o i t s sal eability and l ongeti vity.  Seam appear ance 
and perf or mance i s dependent  on t he i nt errelati onshi ps of  f abri cs,  t hreads and 
needl e;  stitch and seam sel ecti on;  perf or mance of  sewi ng and pr essi ng equi pment; 
handli ng of mat eri al s and appr opri at e oper ati on and mai nt enance of t he equi pment.  
Seams ar e eval uat ed by t he manuf act ur er  duri ng pr oduct  devel opment  and 
pr ot ot ype t esti ng.  Consumer s eval uat e seam appear ance and perf or mance bef or e 
purchase based on t hei r st andar ds and past  experi ences and aft er  wear  and car e 
pr ocedur es based on its ori gi nal st at e [ 8]. 
3. 1 Sea m Appearance 
Seam appear ance i s eval uat ed on dr apeability,  consi st ency of  stit ch and seam 
for mati on and fl at ness.  
3. 1. 1 Drapeability 
It  i s aff ect ed by t he fl exibility of  mat eri al s and seam constructi on.  Seams need t he 
same a mount  of  dr apeability as t he r est  of  t he gar ment.  Use of  heavy  t hr ead, 
compl ex seam struct ures and ot her  f act ors t hat  contri but e t o bul kiness can 
contri but e t o t he ri gi dit y of a seam [ 8]. 
3. 1. 2 Consi st ency of Stitch And Sea m For mation 
It  i s criti cal  t o gar ment  appear ance.  Var yi ng stitch densi t y ( spi ),  i rregul ariti es i n stit ch 
and seam f or mati on,  and l oose t hr ead ends all  aff ect  t he appear ance of  t he 
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gar ment.  Irregul arit y i n t he l i ne of  stitchi ng aff ects t he shape of  t he gar ment  and can 
cause poor fit and unsi ghtl y appear ance [ 8]. 
3. 1. 3 Sea m Fl at ness 
Hi gh l evel  of  r el axati on shri nkage and l ar ge hygr al  expansi on can cause seam 
pucker [ 21]. 
Pucker  i s a wri nkl ed appear ance al ong a seam i n an ot her wi se s moot h f abri c.  It 
gener all y appears as i f  ther e i s t oo much f abri c and not  enough t hr ead i n t he seam; 
as i f  t he t hr ead i s dr awi ng t he seam i n.  For  t hi s r eason,  t he sewi ng t hr ead i s oft en 
bl amed f or  causi ng t he pr obl em but  t her e ar e sever al  f act ors,  whi ch contri but e t o 
pucker [ 9]. 
A fl at  seam i s f r ee of  f abri c cr eases,  wavi ness and pucker.  Some f act ors aff ecti ng 
seam fl at ness may be controll ed by pr essi ng,  t op stit chi ng and cover stit chi ng. 
Seams t hat  ar e not  fl at  are pucker ed.  Seam pucker  i s a quality pr obl em t hat  aff ect s 
appear ance but  does not  t he f abri c damage.  Seam pucker  i s ri ppli ng of  a seam t hat 
occurs j ust  aft er  sewi ng or  aft er  l aundry,  causi ng unaccept abl e appear ance.  It  has 
al ways been a maj or  probl em i n gar ment  assembl y.  Change i n f abri cs, st yli ng and 
technol ogy creat es new pot enti al f or pucker [ 8]. 
It  coul d be sai d t hat  ther e i s pucker  pr esent  i n all  sewn seams because i t  i s 
i mpossi bl e t o i ntroduce stitches i nt o a f abri c wi t hout  i t  suff eri ng some di storti on,  but 
i n pr acti ce,  t her e ar e many f abri cs of  l oose constructi on f rom soft  yar ns,  whi ch show 
no vi si bl e pucker  at  all. By contrast,  many of  the moder n s moot h,  fi ne synt heti c 
f abri cs ar e al most i mpossi bl e t o construct wi t hout  pucker [ 9]. 
Puckeri ng pr obl em cannot  be sol ved by t he setti ngs of  t he sewi ng machi ne onl y and 
it  depends on t he f abri c mechani cal  pr operti es.  Seam puckeri ng occurs f or  t hr ee 
reasons as f oll ows:  i nappr opri at e mechani cal  pr opert y of  f abri c,  t he rel axati on 
shri nkage of f abri c, t he poor setti ng of sewi ng machi ne [ 5]. 
 
Seam pucker  occurri ng when sewi ng kni tt ed f abri cs i s caused by:  di spl acement 
bet ween f abri c l ayers,  sewi ng t hr ead t ensi on,  sewi ng t hr ead contracti on,  di ff erenti al 
shri nkage,  di amet er  of  sewi ng t hr ead and needl e,  t ype of  stit ch,  pr essur e of  pr esser 
f oot.  
Seam pucker  occurri ng when sewi ng woven f abri cs i s caused by a number  of 
vari ous f act ors.  These f act ors can be l i st ed under  t he f oll owi ng headi ngs:  Fabri c;  i t s 
struct ur e,  mechani cal  pr operti es and di mensi onal  st ability,  Sewi ng thread;  i t s 
t ensi on,  ext ensi bility and r el axati on,  di amet er  and shri nkage,  Stit ch t ype,  l engt h and 
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seam t ype,  I ncompati bility of  f abri c and t hr eads,  Sewi ng machi ne,  i t s f eed,  needl e, 
needl e/ t hroat pl at e assembl y and sewi ng speed [22].  
Four  mai n pr obabl e causes of  seam pucker  ar e di scussed her e [ 8].  The compl exi t y 
of  t he pr obl em means t hat  combi nati ons of  t he above t ypes of  pucker  are usual l y 
f ound.  The l i ght er  and finer  t he f abri c,  t he mor e di ffi cult  i t  i s t o fi nd t he cause of  t he 
pr obl em [ 23, 24].  
3. 1. 3. 1 Feed Pucker  
It  happens due t o t he drag of  t he pr esser  f oot  on t he t op pl y,  as t wo pl ies of  f abri c 
ar e sewn t oget her.  If  t he f abri c on t he bott om i s f ed mor e r api dl y t han the t op pl y, 
t he bott om f abri c puckers.  Feed pucker  can be det ect ed when a gar ment  i s 
pucker ed on onl y one si de of  t he stitched seam.  Fi gur e 3. 1 shows t he f eed pucker 
asy mmet ri cal t o t he seam [ 23]. 
 
Fi gur e 3. 1 Pucker asy mmet ri cal t o t he seam  
Di ff erenti al  f abri c stret ch of  t he t wo pl i es bei ng sewn may al so cause onl y one si de 
of a seam t o pucker [ 8, 24]. 
3. 1. 3. 2 Tensi on Pucker  
It  may be caused by ti ght  t hr ead t ensi on,  whi ch causes t he t hr ead t o el ongat e as 
stitches ar e f or med.  Ti ght  t ensi on setti ngs on upper  or  l ower  t hr eads duri ng stit chi ng 
or  bobbi n wi ndi ng,  or  damaged t hr ead gui des may be causes.  Bobbi n wi nder s may 
be set  t oo ti ght  i n or der  t o get  mor e t hr ead on a bobbi n and r educe t he number  of 
changes necessary [ 8]  Wi ndi ng t he bobbi n t hread must  be done very car ef ull y, 
because i f  t he t hr ead i s wound t oo ti ghtl y t her e i s a ri sk of  stret chi ng i t al ong i t s 
enti re l engt h,  t hi s means i t  wi ll  t hen be stit ched i nto t he seam i n t hi s condi ti on.  If  t hi s 
happens,  t her e wi ll  al ways be puckeri ng of  t he seam when t he t hr ead l at er r et ur ns t o 
its ori gi nal  unstret ched condi ti on.  Too l oosel y wound bobbi ns ar e t he r eason f or 
unti dy l ooki ng stit ch f or mati on and t hr ead br eaki ng pr obl ems [ 23].  Fi gur e 3. 2 shows 
pucker sy mmet ri cal t o t he seam.  
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Fi gur e 3. 2 Pucker sy mmetri cal t o t he seam  
Duri ng sewi ng,  t he sewi ng t hr eads ar e under some t ensi on.  When t he t hr ead 
tensi on i s r eli eved,  t he t hreads st art  t o contract ,  r esul ti ng i n a decr ease i n stit ch 
l engt h.  If  t he decr ease i n stit ch l engt h i s gr eat er  than t he contracti on of  f abri c wi t hi n 
t he stitch,  t he seam wi ll pucker.  The a mount  of  t hr ead el ongati on and contr acti on 
depends on sewi ng t hr ead composi ti on and t ension.  Thr eads of  l ow el astic modul us 
(gener all y synt heti c t hr eads)  ar e easi er  t o el ongat e.  The amount  of  el ongati on,  and 
al so t he contracti on,  due t o t he appli ed t ensi on t o t hese t hr eads i s gr eater  t han f or 
t hreads of  hi gh el asti c modul us ( cott on)  [ 24].  Tensi on pucker  i s pri maril y a pr obl em 
wi t h synt heti c t hr ead.  As t he t hr ead r el axes i t  can cause t he f abri c t o dr aw t oget her 
and pucker.  Poor  quality and wr ong si ze or  t ype of  t hr ead i s ot her  pr obabl e causes 
[8].  The surf ace f ri cti on of  t he sewi ng t hr ead i s i mport ant  i n t er ms of  seam 
appear ance,  because a hi gher  t hr ead t ensi on devel ops when sewi ng wi t h t hr eads of 
a hi gher  surf ace f ri cti on,  and t her ef or e t he contracti on of  t he t hr eads,  aft er sewi ng,  i s 
gr eat er  and pr obability of  seam pucker  i s i ncr eased.  The hi gher  fri cti on bet ween t he 
f abri c and t he t hr ead dur i ng t he f or mati on of  a seam,  t he hi gher  t he t hr ead t ensi on, 
and t he gr eat er t he t endency f or seam pucker [ 25].  
3. 1. 3. 3 Di spl ace ment Pucker or Jammi ng 
It  i s caused because of  t he di spl acement  of  f abric yar ns f rom t hei r  ori gi nal  posi ti on 
as t he needl e and t hr ead pass t hr ough t he f abric.  Fabri c yar ns ar e pushed t oget her 
bet ween needl e penetrati ons,  whi ch causes puckeri ng t hat  cannot  be r emoved.  The 
tendency f or  j ammi ng i ncr eases wi t h mor e stit ches per  i nch,  hi gher  count  f abri cs, 
fi ner  f abri cs and t hi cker  sewi ng t hr ead [ 8].  It  i s gener all y beli eved t hat  a hi gh f abri c 
set  l eaves l ittl e or  no room i n t he f abri c t o accommodat e t he needl e or  sewi ng 
thread,  some of  t he f abric yar ns have t o be moved asi de al ong t he seam l i ne.  Thi s 
l eads t o some f abri c el ongati on and compr essi ng al ong t he seam l i ne r esul ti ng i n a 
pucker ed seam [ 24]. 
I n every stitch t he unavoi dabl e t ensi on i n t he t hr eads subj ect s t he f abri c i n t he stit ch 
t o bendi ng and compr essi on.  If  t he f abri c i s compr essi bl e t he t hr eads can r ecover 
wi t hout  causi ng pucker.  I f  t he f abri c i s j ammed t he stiff ness of  t he f abri c and t hr ead 
control  t he occurrence of  pucker  [ 24,  25].  Irregul arity of  sewi ng t hr eads can have an 
eff ect  on seam pucker  because,  t he t hi ck pl aces i n a sewi ng t hr ead can cause 
struct ur al j ammed seam pucker, i n t he same way as a coarse t hread [ 25]. 
The ri sk of  di spl acement  pucker  ari ses parti cul arl y at  hi gh sewi ng speeds.  Thi s 
pr obl em i s very t ypi cal  because of  t oday’ s fi nely woven mi cr o fi bre f abri cs.  The 
struct ur e of  pl ai n woven f abri cs means t hat  t hese ar e mor e l i kel y t o be aff ect ed by 
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di spl acement  pucker  t han sati n woven or  t wi ll woven f abri cs.  Fi gur e 3. 3 shows 
schemati c vi ew of f abri c di spl acement by t he sewi ng t hreads.  
 
Fi gur e 3. 3 Schemati c vi ew of f abri c di spl acement by t he sewi ng t hreads 
To pr event  from t hat  ki nd of  pucker,  i t  i s sometimes  r equi red t o r un t he sea m l i ne at 
a sli ght  angl e t o t he warp di recti on.  I n t he desi gn of  t he fi ni shed gar ment  and i n t he 
cutti ng r oom,  att enti on shoul d al ready be gi ven t o ensuri ng t hat  all  edges r unni ng i n 
t he war p di recti on ar e aligned at  an angl e of  5 t o 10° C t o t he seam l i ne.  If  t he seam 
li ne i s at  an angl e t o t he war p di recti on,  t he di spl acement  of  t he f abri c t hr eads wi ll  be 
di vi ded among sever al war p and weft t hreads [ 23] . 
3. 1. 3. 4 Moi st ure Pucker  
It  i s not  a pr oduct  of  t he sewi ng pr ocess,  but  one of  concer n t o t he l asti ng 
appear ance of  a gar ment.  It s cause i s di ff erenti al  shri nkage of  t he shell  f abri c 
(diff erence i n di mensi onal  changes of  t he seam for mi ng f abri cs,  whi ch t akes pl ace 
when t he f abri cs ar e not  compati bl e i n t er ms of  thei r  di mensi onal  st ability t hr ead or 
ot her  att ached mat eri al s such as i nt erli ni ngs [ 8,  24].  I n such cases t he seam may 
appear  perf ectl y fl at  and unpucker ed as i t  l eaves t he machi ne.  However,  on 
subsequent  l aunderi ng or  st eami ng,  pucker  may occur  due t o t he di mensi onal  
i nst ability of t he seam component s. 
When t he shri nkage of  sewi ng t hr ead,  due t o steami ng,  l aunderi ng,  wetti ng,  dry-
cl eani ng,  et c.  i s gr eat er  than t hat  of  t he f abri c,  t he new seam l engt h i s smal l er  t han 
the f abri c l engt h,  whi ch has t o be accommodat ed i n t he seam l engt h.  Thi s ki nd of 
pucker  can be i dentifi ed t hrough compari son of  the seams bef or e and after  wetti ng, 
l aunderi ng, et c. unshri nkabl e t hreads woul d hel p to reduce t hi s pr obl em [ 24].  
The eff ect  t hat  sever e seam pucker  can have i n a gar ment  may be aest het i c,  i . e.  t he 
gar ment  l oses i t s aest heti c appeal  t o t he cust omer,  or/  and f uncti onal , i . e.  i t  can 
downgr ade t he gar ment in t er ms of drape and/ or comf ort [ 26]. 
3. 2 Sea m Perf or mance  
Good seams ar e essenti al  f act ors i n gar ment  qual ity.  The char act eristi cs of  a 
pr operl y construct ed seam ar e i t s strengt h,  el asti cit y,  dur ability,  st abi lity and 
appear ance.  The f act ors t hat  gover n t hese pr operti es ar e seam and stitch t ype, 
t hread strengt h and el asti city,  stitches per  uni t  l engt h of  seam,  t hr ead t ensi on,  and 
the seam effi ci ency of t he mat eri al (f abri c) [ 11, 27]. 
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The sewi ng perf or mance depends on t he sel ect i on of  t he ri ght  t hr ead f or  t he ri ght 
needl e at  t he ri ght  machi ne sui ti ng t o t he t hi ckness,  struct ur e and fi ni sh of  t he f abri c 
t o be sewn [ 28]. 
Perf or mance of  seams means t he achi evement  of  strengt h,  el asti cit y,  dur ability, 
securit y and comf ort,  and t he mai nt enance of  any speci ali sed as strong as t he 
f abri c,  i n di recti ons bot h par all el  t o and at  ri ght  angl es t o t he seam.  They must  al so 
stret ch and r ecover  wi th t he f abri c.  Seams must  al so be dur abl e t o t he ki nd of 
abr asi on expect ed i n weari ng and washi ng as well  as secur e agai nst  fraying apart  or 
t he unr avelli ng of  stitches.  A seam i n a cl ose-fitting or  under wear  gar ment  must  not 
pr esent an uncomf ort able ri dge or roughness t o the ski n [ 9]. 
3. 2 1 El asti city 
El asti cit y i nvol ves t wo fact ors:  el ongati on and r ecovery.  Seam el astici t y i s t he 
degr ee of  a seam r ecovers t o i t s ori gi nal  l engt h i mmedi at el y aft er  el ongati on.  Sea ms 
vary i n el ongati on pot ential . 
El ongati on i s t he amount  t hat  a seam can be stret ched wi t hout  br eaki ng.  I f  a seam 
wi ll  not  el ongat e as much as t he f abri c,  t he stit ches and t hr ead wi ll  usuall y br eak. 
Seam el ongati on i s r el ated t o t hr ead pr operti es, t hr ead t ensi on,  seam t ype,  stit ch 
type,  spi  and f abri c pr operti es.  Mor e stitches per  i nch can pr oduce mor e stret ch,  but 
t oo many may stress t he yar ns and cause f abri c damage.  
Recovery i s t he r et ur n of  t he seam t o i t s ori gi nal  l engt h when t he stress i s r emoved. 
Seam r ecovery can be i nhi bit ed by t he sel ecti on of  i nappr opri at e stit ch and seam 
type, t oo many stitches per i nch and t hread t hat i s t oo l arge [ 8]. 
3. 2. 2 Strengt h 
Seam strengt h i s i mportant  f act or  i n det er mi ni ng t he dur ability of  a garment.  It  i s 
det er mi ned by r esi st ance t o pulli ng f orce and abr asi on.  Seam t enaci t y i s t he f orce 
necessary t o br eak t he f abri c or  t he weakest  stitch of  a seam.  Seam abr asi on 
resi st ance i s t he amount  of  r ubbi ng acti on needed t o wear  away stitches i n t he 
seam.  Seam strengt h i s rel at ed t o stit ch t ype,  t hread strengt h,  t hr ead t ensi on,  seam 
type, seam wi dt h and spi  [ 8, 9, 29]. 
Seam f ail ure i n a gar ment  can occur  because of  ei t her  t he f ail ure of  t he sewi ng 
thread,  l eavi ng t he f abric i nt er act,  or  f abri c r upt ure,  l eavi ng t he seam i ntact  or  bot h 
br eaki ng at t he same ti me [ 22]. 
When stress i s appli ed t o a seam at  ri ght  angl es t o i t s l engt h,  t he l oad i s carri ed by 
t he i nt ersecti ng l oops of  t he sewi ng t hr eads,  and when t he l att er  r upt ur e, t he br eak 
occurs at  t he openi ng of  t he l oop.  The strengt h par amet er  t hat  appli es i s t her ef or e 
t he l oop strengt h r at her t han t he strai ght  t ensile strengt h of  t he sewi ng t hr ead [ 8, 
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22]. 
Al t hough seam strengt h i s i mport ant  t o dur ability,  t he seam does not  need t o be 
stronger t han t he f abri c of whi ch it i s bei ng construct ed [ 8]. 
Dur ability of  t he seam l ar gel y depends on i t s strengt h and i t s r el ati onshi p t o t he 
el asti cit y of t he mat eri al. It i s measur ed i n t er ms of seam effi ci ency wher e:  
Seam Effi ci ency=(seam tensil e strengt h/ f abri c t ensil e strengt h) x 100                (3. 1)  
I n gener al,  i t  r anges between 85 and 90 % whi ch can be opti mi sed t hr ough vari ous 
f act ors,  such as seam t ype,  t ype and densi t y of  stitches,  and t he sel ecti on of  sewi ng 
threads and needl es.  Under  strai n,  i t  al ways pref erred f or  t he sewi ng t hread i n t he 
seam t o br eak bef or e t he mat eri al  because t he seam can be r estitched,  wher eas  an 
expensi ve f abri c cannot be re- woven [ 11, 18, 27, 28]. 
3. 2. 3 Sea m Durability 
The l engt h of  l if e of  a seam i n a gar ment  shoul d be as l ong as t hat  of  t he ot her 
mat eri al s and bot h shoul d be appr opri at e t o t he r equi red end of  t he gar ment.  An 
i mmedi at e f ail ure of  t he t hread woul d be r egar ded as a f ail ure of  seam st rengt h or 
ext ensi bility.  
3. 2. 4 Sea m Security 
If  t he l ast  stitch i s not  pr operl y l ocked,  i f  a t hread i s br oken ( whi ch causes t he 
pr obl ems of  seam strength and stret ch),  or  i s a sti tch i s sli ps because t he machi ne i s 
i mpr operl y adj ust ed or  i t  sews over  a t hi cker  section of  f abri c,  i t  wi ll  r un undone ver y 
easil y [ 9]. 
3. 2. 5 Sea m Fl exi bility (Sea m Comf ort) 
Seam fl exi bility aff ect s t he dr apeability,  comf ort  and abr asi on r esi st ance of  appar el . 
Fl exi bl e seams al l ow f or  mor e body conf or mi t y and movement.  Ri gi d seams can 
cause body di scomf ort  and i rrit ati on [ 8]  Parti cul ar pr obl ems associ at ed wi th t he use 
of  monofil ament  pol yami de t hr eads [ 9].  A fl exi bl e seam i s abl e t o bend,  shi ft  and f ol d 
wi t hout  damage t o t he seam or  change t o t he sil houett e of  t he gar ment.  Wi t hout 
fl exi bility,  abr asi on and wear  wi ll  occur  i n t he same l ocati on or  t o t he same set  of 
yar ns.  Fabri c struct ur e and wei ght  and seam t ype ar e maj or  f act ors t hat  aff ect  seam 
fl exi bility [ 8]. 
3. 3 Sea m Pr obl ems 
Seam pr obl ems aff ect  appear ance and perf or mance.  Seam f ail ure can cause costl y 
repai rs,  consumer  di ssat i sf acti on and r et ur ns and i ncr eased cost s.  Causes of  seam 
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f ail ure i ncl ude i nappr opri at e choi ce of  stit ch or seam t ype,  i ncompabil ity among 
thread t ype and si ze,  needl e t ype,  si ze and f abri c,  i mpr oper  adj ust ment  of  f eed 
mechani s ms and machi ne setti ngs and oper at or  perf or mance [ 8].  Seam pr obl ems 
ar e expl ai ned bel ow:  The pr obl ems whi ch ari se when mat eri al s ar e sewn var y i n 
t hei r  seri ousness,  wi t h some causi ng onl y mi nor  appear ance pr obl ems,  negli gi bl e i n 
l ow pri ce gar ment s,  whilst  ot hers cause damage t o t he mat eri al  whi ch i t  woul d not 
be economi c t o repai r even if it wer e possi bl e [ 9]. 
3. 3. 1 Di st orti on 
Di st orti on i s t he di sruption of  t he f abri c surf ace of  t he def or mati on of  a gar ment. 
I ncorrect  handli ng duri ng gar ment  assembl y oft en contri but es t o di st orti on. I ncorr ect 
machi ne setti ngs,  poor  machi ne mai nt enance,  excessi ve needl e heat  and i ncorr ect 
needl e and t hr ead t ype and si ze ar e can be r ef erred as t he f act ors i n t he creati on of 
di st orti on.  It  can be prevent ed wi t h bett er  traini ng of  oper at ors,  bett er  machi ne 
mai nt enance and appr opri at e sel ecti on of  t hr ead,  needl es and stit ch and seam 
types [ 8]. 
3. 3. 2 Pr obl ems of Stitch For mati on 
The mai n pr obl ems whi ch ari se from t he act ual  st itch f or mati on ar e:  sli pped stit ches, 
st agger ed stit chi ng,  unbal anced stit ches,  vari able stitch densi t y,  needl e, bobbi n or 
l ooper t hread br eakage.  
 Sl i pped ( ski pped/ mi ssed)  Stit ches :  Ski pped stitches ar e a common sewi ng 
pr obl em aff ecti ng quality,  seam perf or mance and aest heti cs of  a garment.  It  i s 
caused by t he f ail ure i n stitch f or mati on when t he needl e t hr ead l oop i s not  pi cked 
up by t he hook or  l ooper.(  t he sewi ng machi ne ' mi sses out'  one or  mor e sti t ches and 
then ' pi cks up'  t he stit ch and carri es on nor mall y. The r esul t  i n l ockstitch and si ngl e 
needl e doubl e chai nstitch seams i s t hat  when mi s-stitches occur  stit ches i n t he 
upper  surf ace of  t he seam ar e t wi ce t he nor mal  si ze or  even l ar ger.  If  t he needl e i s 
t oo l ar ge f or  t he t hr ead,  t her e wi ll  be poor  control  of  t he l oop f or mati on,  whi ch may 
cause sli pped stitches.  Mi s-stitchi ng i s mor e common i n kni t wear  manuf act uri ng 
wher e t he kni tt ed f abri c t ends t o vi br at e sli ghtl y wi t h t he verti cal  movement  of  t he 
needl e,  aff ecti ng t he shape and si ze of  t he t hr ead l oop [ 30].  I n a l ockstitch t ype of 
machi ne,  duri ng nor mal  strai ght  sewi ng,  t he needl e and hook t end t o i nsert  some Z 
t wi st  t o t he sewi ng t hr ead.  A t hr ead wi t h S t wi st  becomes unt wi st ed by t he acti on of 
t he machi ne and t hen frays and br eaks,  i mpr oper  ball ooni ng of  t he t hr ead occur s 
duri ng t he up- and- down of  t he needl e,  whi ch may  l ead t o mi ssed stitches [ 11]. 
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Ski pped stit ches cr eat e a l ack of  uni f or mi t y i n a l i ne of  stit chi ng and ar e suscepti bl e 
t o snaggi ng.  They al so become t he weak l i nk and have pot enti al  f or br eakage. 
Ski pped stit ches ar e most  li kel y t o occur  when changes ar e made i n f abri c,  t hr ead or 
needl es Mi s-stitch,  however,  can happen qui t e r andoml y wi t hout  any appar ent 
reason i n a way whi ch i s di ffi cult  t o pr edi ct  and hence det ect.  The f aul ty seam i n 
most  cases i s r ecogni sed i n t he quality control  st age aft er  whi ch t he seam i s 
unpi cked and t hen resewn, t hi s i s expensi ve [ 30]. 
 St agger ed Stit chi ng:  It  can be caused by yar ns i n t he f abri c defl ecti ng t he 
needl e away f rom a strai ght  l i ne of  stit chi ng,  gi vi ng a poor  appear ance.  I n some 
har d,  woven f abri cs,  r eal l y strai ght  stitchi ng wi ll  onl y be achi eved at  a sli ght  angl e of 
bi as [ 9]. 
 Unbal anced Stit ches:  I n l ockstit chi ng can r educe t he pot enti al  f or  stret ch i n a 
seam i n a kni tt ed f abri c and,  l ead t o seam cr acking [ 22].  Bobbi n t ensi on shoul d be 
adj ust ed until  a f ull  bobbi n i n i t s case wi ll  j ust  sli de down t he t hr ead when hel d by 
t he end of  t he t hr ead.  Needl e t hr ead t ensi on shoul d be adj ust ed so t hat  the t hr eads 
i nt erl ock i n t he mi ddl e of t he f abri c, unl ess diff erent col our t hreads ar e being used.  
 Vari abl e Stit ch Densi t y:  I t  ari ses f rom i nsuffi ci ent  foot  pr essur e i n a dr op f eed 
syst em,  causi ng uneven f eedi ng of  t he f abri c thr ough t he machi ne.  It  can occur 
parti cul arl y wi t h mat eri als wi t h sti cky or  sli ppery surf aces [ 9].  At  hi gh speed sewi ng 
the pr esser  f oot  ` bounces'  and l oses cont act  wi t h t he f abri cs,  due t o t he f act  t hat  t he 
f eed dog ri ses above t he t hr oat  pl at e and hi t s t he pr esser  f oot.  Thi s l ack of  control, 
j ust when it i s most essenti al usuall y resul ts i n an irregul ar stitch [ 31]. 
 Needl e,  Bobbi n or  Looper  Thr ead Br eakage:  It  i s a common pr obl em with 
many causes such as needl e heat,  i ncompability of  needl e,  t hr ead and f abri c,  and 
def ecti ve machi ne part s and adj ust ment s.  Needl es must  be r et hr eaded and seams 
restitched.  If  stitches br eak and ar e not  f ormed correctl y duri ng t he sewi ng 
oper ati on,  i t  i s very di fficul t  and ti me consumi ng t o go back and r epai r  a l i ne of 
stitchi ng [ 8,  22].  Al so,  thr ead l ubri cati on has an i mport ant  eff ect  on t he t hr ead 
br eakage.  If  t he fi ni sh i s not  r egul ar,  an i rregul arl y bal anced seam wi ll  resul t,  wi t h 
rel ati vel y hi gh t hread br eakage [ 32]. 
3. 3. 3 Sea m Cracki ng 
When a seam i n a kni tt ed f abri c i s ext ended al ong i t s l engt h,  t he ext ension l i mi t  of 
t he sewi ng t hr eads i s r eached bef or e t hat  of  t he f abri c i t self,  and t he sewi ng t hr eads 
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t hat  br eak at  one or  more poi nt s al ong t he seam causi ng an eff ect  known as seam 
cr acki ng and t hi s will l ead t o seam br eakdown [ 9, 33]. 
3. 3. 4 Sea m Gri n 
Seam gri n i s a separ ation of  a sewn seam as a r esul t  of  transverse stress t hat 
all ows t he stit ches and t hr ead t o show.  It  i s a condi ti on t hat  i s l i kel y t o occur  wi t h a 
l ow stit ch count,  i nsuffici ent  t ensi on on t hr eads,  or  i mpr oper  stit ch and seam 
sel ecti on [ 8].  Too l oose a t ensi on or  t oo l ar ge a sti tch,  or  t he use of  wr ong stit ch t ype 
causes seam gri n [ 22, 34]. 
3. 3. 5 Sea m Sli ppage 
Seam sl i ppage occurs i n woven f abri cs when yarns sli de t oget her  al ong other  yar ns 
or  a l i ne of  stitchi ng t hus all owi ng seam gri n [ 8].  The amount  of  sli ppage mai nl y 
depends on t he weave,  fabri c r aw mat eri al,  t ype of  seam,  stit ch densi t y,  and sewi ng 
thread t ensi on [ 18,  27,  35,  36].  It  may be aff ect ed al so by stit ch t ype and si ze, 
t ensi on,  seam si ze,  t hread choi ce and excessi ve use of  f abri c l ubri cant.  Most 
sli ppage occurs i n seams  t hat  r un par all el  t o t he war p.  Sl i ppage wi ll  mor e l i kel y 
occur  i n f abri cs t hat  have fil ament  yar ns,  l ow count  or  unbal anced weaves [ 8].  The 
ti ght er  t he stit ch gri ps t he f abri c,  t he l ess seam sl i ppage t her e wi ll  be.  I ncreasi ng t he 
wi dt h of  t he seam al l owance i ncr eases t he number  of  yar ns t hat  ar e bet ween t he 
seam and t he cut edge, whi ch creat es a resi sti ng f orce t o sli ppage [ 8, 22, 34, 37].  
3. 3. 6 Sewi ng Da mage 
Sewi ng damage i s t wo t ypes:  heat  damage and mechani cal  damage.  Duri ng 
sewi ng,  t he f abri c r esi st s penetrati on by t he sewi ng needl e.  Thi s fri cti onal  r esi st ance 
resul t s i n t he gener ati on of  heat  and al so pr oduces mechani cal  strai ns i n t he yar n 
and i n t he f abri c [ 38]. 
Sewi ng damage i s a ser i ous pr obl em i n gar ment  pr oducti on,  l eadi ng t o poor  sea m 
appear ance and perf or mance and,  i n a sever e case,  t o compl et e br eakdown of  t he 
seam.  
The pr obl em i s especi all y seri ous i n kni tt ed f abri cs because t hey wi ll  l adder  i f 
damaged and because t he damage i s oft en not  appar ent  when fi rst  sewn.  It  onl y 
becomes evi dent  when fl exi ng i n weari ng and washi ng causes t he damaged or 
br oken yar n t o run back and become vi si bl e. 
The pr obl ems whi ch occur  i n sewi ng can be di vi ded i nt o t hose of  mechani cal  
damage and t hose of needl e heati ng damage [ 9]. 
3. 3. 6. 1 Needl e Da mage ( Yar n Severance)  
Yar n sever ance i s t he breakage of  f abri c yar ns t hat  occurs duri ng stit ching due t o 
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i ncompability of  needl e, f abri c and sewi ng speed.  Da mage t o t he structur e of  t he 
f abri c occurs when t he f abri c i s penetrat ed by t he needl e.  Si nce no allowance i s 
made f or  t he posi ti on of  t he f abri c l oops duri ng t he sewi ng pr ocess,  t he needl e can 
penetrat e at  any poi nt  i n t he f abri c.  It  can t her ef ore def or m t he f abri c l oops or  cause 
the f abri c struct ur e t o be opened t o such an ext ent  t hat  i t  wi ll  be t or n open or 
damaged.  I n many cases,  t hi s t ype of  damage i s caused by a fi ni shi ng t reat ment  of 
t he f abri c,  whi ch i s t oo har d.  Thi s makes t he f abri c l oops ri gi d and i nfl exi bl e and 
pr event s t hem f r om bei ng di spl aced by t he ti p of  t he needl e [ 23].  Damage i s mor e 
li kel y t o occur on ti ght er, denser f abri cs [ 38]. 
Sewi ng damage i s generall y caused by l ack of  mobility i n t he fi bres of  t he yar n,  due 
to hi gh t wi st;  by l ack of  mobi lity of  t he yar ns t hemsel ves due t o cl ose constructi on of 
t he cl ot h or  t o t he nat ure of  t he fi ni sh;  or  t o t he use of  over-l arge or  bl unt  needl es 
[ 18]. 
The penetrati on f orce of  t he sewi ng needl e i s t he quantit ati ve measur e of  t he 
damage whi ch appears i n t he gar ment  as t he r esul t  of  t he sewi ng pr ocess.  To get  a 
bett er  l ook at  t hi s pr ocess,  knowl edge of  t he f abri c,  t he used t hr ead,  t he sewi ng 
needl e and t he sewi ng machi ne mechani sms ar e import ant [ 39]. 
As  combi ni ng r ows of  l oops makes kni tt ed f abrics,  t her e i s t he possi bility t hat  t he 
needl e can destroy l oops.  I n choosi ng a pr oper  needl e,  i t  i s absol ut el y necessar y t o 
fi nd out  t he correct  needl e si ze and poi nt  f orm.  Fi gur e 3. 4 shows t he needl e 
damages t o knitt ed f abrics [ 15]. 
      
Fi gur e 3. 4 Needl e damages t o knitt ed f abri cs accor di ng t o t he needl e si zes 
Needl e damage i s not  al ways vi si bl e i mmedi at el y aft er  sewi ng,  but  aft er  t he gar ment 
has been fl exed and stretched i n wear,  or  aft er  machi ne washi ng,  burst  l oops woul d 
show up as f rayed yar n ends or  as l adders r unni ng back f rom t he seam.  Kni tt ed 
f abri c devel ops l adders,  whi ch r adi at e f rom t he damaged seam and i t  i s the dense, 
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fi ne- gauge,  doubl e j ersey struct ur es t hat  ar e parti cul arl y l i abl e t o such damage [ 18, 
40]. 
Yar n sever ance can be a seri ous pr obl em wi t h weft  kni t s.  Runs may f or m and travel  
beyond t he poi nt  of  damage.  Wi t h woven f abri cs t her e may be br oken yar ns, 
weakened seams and poor  aest heti c qualiti es.  Excessi ve yar n sever ance can mean 
second quality gar ment s and cust omer ret ur ns.  
Causes of  yar n sever ance ar e damaged needl es and i ncorrect  t ype,  poi nt  and si ze 
rel ati ve t o t he f abri c bei ng sewn.  I ncorrect  t hr ead t ype and si ze and hi gh sewi ng 
speed ar e al so pot enti al  causes.  Thi ck seams oft en r equi re t hi cker  needl es and 
coarser  f eeds,  whi ch can damage yar ns.  Hi gh speeds do not  all ow ti me for  yar ns t o 
move away from t he penetrati ng needl e poi nt  whi ch may r esul t  i n r upt ured yar ns. 
Lubri cant s may add during f abri c fi ni shi ng t hat  will  f acilit at e yar n movement  duri ng 
t he sewi ng pr ocess [ 8].  Fi gur e 3. 5 shows t he exampl es of  damage t o t he str uct ur e 
of t he f abri c [ 23].  
 
      
Fi gur e 3. 5 Exampl es of damage t o t he struct ur e of t he f abri c 
It  i s wel l  known t hat  i f  an excessi ve needl e t hi ckness i s used,  t he f abric struct ur e 
can be def or med beyond i t s el asti c li mi t  and as a r esul t  can be subj ect  t o an 
irrecover abl e strai n.  Thi s can r esul t  i n si gnifi cant  damage t o t he structur e of  t he 
f abri c.  Ball -poi nt  needl es wi ll  pr event  damages as wel l.  When sewi ng kni tted f abri cs, 
it  i s benefi ci al  t o use needl es wi t h a s mal l  ball  poi nt  shape ( SES)  f or  fi ne f abri cs,  or  a 
medi um bal l  poi nt  shape ( SUK)  f or  heavi er  f abri cs.  These poi nt s wi ll  not  penet r at e 
i nt o t he i ndi vi dual  t hr eads or  capill ari es of  t he f abri c,  but  i nst ead wi ll  si mpl y di spl ace 
them sl i ghtl y.  For  speci al  f abri c gr ades,  t he use of  needl es wi t h ot her  ti p shapes 
may  al so be f ound t o gi ve good sewi ng r esul t s.  Even t he sli ght est  damage t o t he ti p 
of  t he needl e wi ll  aut omati call y cause damage t o t he struct ur e of  t he f abri c each 
ti me t he needl e penetrates i t.  The needl e shoul d t her ef or e be checked const antl y 
and changed whenever  necessary.  Pr acti cal  experi ence shows t hat  fr equent 
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changi ng of  t he needl e at  r egul ar  i nt erval s gr eat l y r educes damage t o t he str uct ur e 
of t he f abri c. Fi gur e 3. 6 shows t he damaged needl e poi nt [ 23]. 
 
Fi gur e 3. 6 Damaged needl e poi nt  
The si ze of  t he needl e hol es i n t he needl e pl ate shoul d al ways be mat ched t o t he 
needl e t hi ckness,  because i f  t he needl e hol es are t oo l ar ge t he f abri c wi ll be pul l ed 
t hrough t hem i n t he shape of  a f unnel .  Thi s i s anot her  way i n whi ch da mage can be 
caused t o t he struct ur e of  t he f abri c.  If  t he above recommendati ons ar e f ollowed and 
the f abri c i s still  damaged,  t he cause may be an excessi vel y hi gh r ot ati onal  speed of 
t he machi ne.  Reduci ng t he speed of  t he machi ne wi ll  al ways gi ve better  sewi ng 
resul t s [ 23]. 
The pr obl em of  mat eri al  damages as a consequence of  unsui t abl e sewi ng needl e i s 
above all  pr esent  duri ng sewi ng of  kni t wear.  Because of  speci fi c posi ti ons of  yar ns, 
built  i n f abri c and kni t wear,  mai nl y mechani cal  and t her mal  damages occur  duri ng 
t he sewi ng pr ocess.  The f abri c i s composed of  t wo r ect angul ar  t hr ead syst ems. 
When t he needl e penetrat es t he f abri c,  t he yar ns ar e bei ng pushed away.  Even i f 
t he yar n i s damaged,  t he consequences ar e not  heavy si nce ot her  yar ns support  i t. 
Da maged spot s ext end onl y a l ittl e.  I n kni t wear,  the yar ns ar e connect ed wi t h l oops. 
The needl e poi nt  pushes away t he l oops duri ng needl e penetrati on.  The wr appi ng 
angl e i s her e consi der abl y gr eat er  t han i n t he previ ous case.  Whi l e t he penet r ati on 
f orce duri ng sewi ng t he f abri c i s bei ng di stri but ed on f our  yar ns,  i t  i s concentr at ed 
onl y on one yar n i n t he case of  sewi ng t he kni twear.  Damage of  mat erial  appear s 
when t he needl e penetrates i nt o t he l ayer(s)  and hi t s t he t hr ead.  The t hr ead can be 
damaged or  even br oken i f  t he needl e i s t oo t hi ck.  Da mages can be seen i n 
mat eri al s pr oduced f rom nat ur al  or  man- made fi bres as hol es t hat  spr ead acr oss t he 
el asti c t hr ead syst em.  They can have di ff erent  f or ms and can be cl earl y vi si bl e 
under  t he mi cr oscope.  Bur sti ng of  fi bres mostly appear s i n mat eri al s made f r om 
cott on whi l e t her mal  damages ar e char act eri sti c of  synt heti c fi bres.  Fri ction bet ween 
the sewi ng needl e and t extil e mat eri al  t hat  acts at  hi gh sewi ng speeds causes 
heati ng of  t he needl e.  The needl e t emper at ur e can exceed t he fi bre’ s melti ng poi nt, 
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whi ch r esul t s i n mat eri al  damage.  Needl e si ze has a deci si ve r ol e on t he 
appear ance of  mat eri al  damage.  An oversi zed needl e can cause bursti ng of  t hr eads 
or  t ensi on ar ound t he stitch ar ea,  whi ch r esul t s i n t oo l ar ge hol es.  For  t hat  reason as 
fi ne a needl e as possi ble shoul d be used.  However,  one must  pay r egar d al so t o 
consi der abl e vi br ati ons of  fi ner  needl es at  hi gh sewi ng speeds,  whi ch can r esul t  i n 
frequent  needl e fr act ur es.  Type and fi neness of  a sewi ng t hr ead al so i nfluences t he 
si ze of a sewi ng needl e [14]. 
3. 3. 6. 2 Needl e Heati ng 
Heat  i s gener at ed duri ng t he sewi ng pr ocess as a r esul t  of  fri cti on bet ween t he 
needl e and t he fi bres i n t he t hr eads f or mi ng t he f abri c.  The ext end of  heat 
gener ati on depends on t he machi ne speed,  t he si ze,  shape and surf ace fini sh of  t he 
needl e,  t he densi t y,  t hi ckness and fi ni sh of  t he f abri c,  and t he t ype,  si ze,  and fi ni sh 
of t he sewi ng t hread [ 11] . 
Needl e heat  i s t he r esult  of  fri cti on.  It  occurs when sewi ng heavy f abrics at  hi gh 
speed or  when stit chi ng sever al  f abri c l ayers wi t h cl ose stitches [ 8,  18].  Dense 
fabri cs cr eat e mor e r esi stance and mor e f ri cti on.  I f  t emper at ur e exceeds t he mel ti ng 
poi nt  of  t hr ead,  t he t hr ead i s l i kel y t o mel t  when sewi ng st ops.  Needl e heat  causes 
thread br eakage and f abri c damage and i t  may f use synt heti c f abri c and t hr ead. 
Br eakage usuall y appears at  t he st art-up of  t he stitchi ng.  Exami nati on of  t he t hr ead 
under a mi croscope will hel p det er mi ne if mel ti ng was t he cause of breakage [ 8, 11]. 
Needl e heati ng causes sewi ng t hr ead br eaks,  cr oss-t hreads,  ski pped stit ches,  seam 
damage and physi cal damage of t he needl e [ 27]. 
The t ype of  needl e fi ni sh and t he needl e shape ar e f act ors t hat  aff ect  the f ri cti on. 
Needl es f or  sewi ng cl ot h ar e oft en fi ni shed wi t h a ni ckel  or  chr ome pl ati ng or  Tefl on. 
The chr ome fi ni sh hel ps di ssi pat e heat  as wel l  as r esi st  mel t ed parti cl es t hat  may 
coll ect  needl e heat  may be r educed by usi ng a s mal l er  needl e si ze,  a ball  eye, 
addi ti onal  f abri c and t hread l ubri cant s,  a di ff erent  t hr ead t ype and si ze,  or  needl e 
cool ers,  t ube l i ke devi ces t hat  bl ow ai r  on t he needl e t o r educe t he t emper at ur e 
cr eat ed by fri cti on [ 8]. 
Needl e heati ng gener ally r esul t s from f ri cti on when sewi ng at  very hi gh speed;  t he 
most  sever e pr obl ems ar e caused when sewi ng wi t h synt heti c f abri cs or  t hr eads 
[15].  The hi gh t her mal  l oadi ng coupl ed wi t h mechani cal  l oadi ng may l ead t o yar n 
br eakage [ 11].  
The most  seri ous pr obl em i n t he pr ocess of  sewi ng synt heti c mat eri al s l i es i n t he 
l ow heat  r esi st ance of  the synt heti c fi bres.  Thei r  soft eni ng poi nt  i s bet ween 180° C 
and 230° C,  and t he mel ti ng poi nt  i s bet ween 230° C and 260° C.  I n hi gh- speed 
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sewi ng,  t he t emper at ur e of  t he needl e r eaches the mel ti ng poi nt  of  t he synt heti c 
fi bre soon,  and t hen i t  begi ns t o mel t  and adher es t o t he gr oove or  eye of  t he 
needl e.  As a consequence,  stitch ski ppi ng and t hread br eakage occur  and nat ur all y 
t he sewi ng oper ati on will st op [ 15].  
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4. TESTI NG FOR TAI LORABI LI TY AND SEWABI LI TY 
The questi on of  t esti ng mat eri al s pri or  t o pr oduct i on f or  what  i s t er med “tail orability”, 
whi ch i s t he ability and ease wi t h whi ch component s can qualit ati vel y and 
quantit ati vel y be sewed t oget her  t o f or m a gar ment  but  her e,  l ar gel y pucker,  and f or 
sewability,  i . e.  mechani cal  damage and needl e heati ng damage [ 41].  Testi ng f or 
such pr operti es shoul d be as aut omati c as t est i ng f or  ot her  aspect s of  mat eri al s‟  
perf or mance whi ch wi ll  aff ect  a gar ment  duri ng maki ng up,  weari ng and cl eani ng but 
it  i s not  oft en so.  Ther e ar e t wo i nstrument s whi ch have been avai l abl e f or  some 
years f or  i nvesti gati ng sewability and t wo mor e recent  i nstrument s whi ch have been 
devel oped t o i nvesti gat e t ail orability [ 9]. 
4. 1 Tail orability Testi ng 
The Kawabat a Eval uation Syt em f or  Fabri cs (KES- F)  was ori gi nall y desi gned t o 
measur e a r ange of  mechani cal  and physi cal  pr operti es of  f abri cs,  whi ch wer e 
rel at ed t o t he handl e of  a f abri c.  The syst em consi st s of  f our  i nstrument s,  whi ch 
bet ween t hem measur e t he t ensil e,  shear,  compr essi on,  bendi ng and surf ace 
pr operti es of  f abri cs.  From t hese mechani cal  properti es ( al so i ncl udi ng wei ght  and 
thi ckness val ues of  f abrics),  t he vari ous pri mar y hand val ues ( HV)  of  a f abri c ar e 
cal cul at ed usi ng t ransl ation equati ons.  The pri mary hand val ues ar e t hen transl at ed 
i nt o f abri c quality i n t er ms of  t he t ot al  hand val ue ( THV)  by anot her  speci all y 
devel oped transl ati on equati on.  The THV‟ s ar e descri bed i n t er ms of  5: excell ent, 
4: good,  3: aver age,  2:f ai r,  and 1: poor.  Pri mary hand val ues ar e r at ed as 10: strong, 
5: medi um and 1:  weak.  These pr operti es can al so be used t o pr edi ct  how easi l y t he 
f abri c wi ll  make up i nto a gar ment,  i . e.  t he „tail orability‟  of  t he f abri c.  Fabri c 
mechani cal  pr obl ems can al so be pl ott ed and connect ed by a l i ne on a HESC ( Hand 
Eval uati on and St andardi sati on Co mmi tt ee)  data chart,  a so-call ed “ snake chart” 
whi ch i ndi cat e t he all owabl e l i mi t s f or  each of  t he mechani cal  pr operti es bef or e 
pr obl ems ari se i n cutti ng, sewi ng, et c. [ 5, 9, 22, 42, 43, 44]. 
The FAST equi pment  (Fabri c Assur ance by Si mpl e Testi ng)  was devel oped by 
CSI RO i n Australi a speci fi call y t o measur e t he mechani cal  pr operti es of  wool en and 
wor st ed f abri cs,  whi ch wer e r el evant  t o t ail orability [ 9].  The syst em consi sts of  f our 
i nstrument s:  FAST- 1 compr essi on met er  det ermi nes f abri c t hi ckness at  vari ous 
l oads,  f abri c surf ace t hickness and r el eased surf ace t hi ckness (t he variabi lity and 
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dur ability of  t he t hi ckness of  t he f abri c surf ace l ayer).  FAST- 2 bendi ng met er 
measur es f abri c bendi ng l engt h whi ch i s r el at ed t o t he ability of  a mat eri al  t o dr ape 
and t he f abri c bendi ng ri gi dit y r el at ed t o t he quality of  stiff ness when a f abri c i s 
handl ed.  The bendi ng r i gi dity i s parti cul arl y cr uci al  i n t he t ail ori ng of  l ight wei ght 
f abri cs as a ver y fl exi ble f abri c (l ow bendi ng rigi di t y)  may cause seam puckeri ng. 
FAST- 3 ext ensi on met er  measur es ext ensi bility at  vari ous l oads.  Duri ng gar ment 
maki ng- up,  i n parti cul ar  fabri c shapi ng and sewi ng,  t he f abri c needs t o be st r et ched 
to cert ai n degr ee t o confor m t o t he i nt ended shape.  Thi s ability of  a f abric t o str et ch 
at  l ow l oad,  or  f abri c extensi bility,  i s of  maj or  concer n t o t ail ors.  Thi s i nstrument  al so 
det er mi nes bi as ext ensibility,  shear  ri gi dit y (t he ability of  t wo di mensi onal  pi ece of 
f abri c t o f or m a t hr ee di mensi onal  gar ment).  FAST- 4 di mensi onal  st ability t est er 
measur es r el axati on shr i nkage,  caused by t he recovery of  fi bres strai ned duri ng 
manuf act uri ng,  and hygral  expansi on,  caused by t he swelli ng or  deswel li ng of 
hygr oscopi c fi bres.  Hi gh l evel  of  r el axati on shrinkage and l ar ge hygr al  expansi on 
can cause seam pucker  [ 21,  43].  I n addi ti on t o t he af or ementi oned pr operti es 
measur ed by FAST,  t here i s a new pr opert y namel y Pr essi ng Perf or mance.  Thi s 
measur ement  hel ps t o pr edi ct  t he seam pr essing perf or mance of  a f abri c pri or  t o 
cutti ng [ 21]. 
The r esul t s ar e pl ott ed on a chart  si mil ar  t o t hat  used f or  t he KES- F i nstrument s, 
wi t h upper  and l ower  l i mits mar ked f or  each pr opert y.  Fabri cs whose pr operti es l i e 
wi t hi n t hese li mi t s shoul d make up i nt o gar ment s wi t hout any pr obl ems [ 9, 43].  
Unl i ke t he KES- F System,  FAST onl y measures t he r esi st ance of  f abri c f r om 
def or mati on.  However,  FAST Syst em i s much cheaper,  si mpl er  and mor e r obust 
and per haps mor e suit ed t o an i ndustri al envi ronment [ 44]. 
4. 2 Sewability Testi ng:  
Moder n sewi ng machi nes can now r un at  speeds of  up t o 10000stit ches/ mi n,  and 
oper ati ng speeds of  600- 800 stit ches/ mi n ar e not  unusual .  Such machi ner y can 
accel er at e t o f ull  speed from r est  i n f ewer  t han hal f  a dozen stit ches and t he most 
moder n machi nes can do so i n l ess t han one stitch.  Wi t h t hese machi nes bei ng r un 
at  very hi gh speed and i n st op-st art  manner  as gar ment s ar e f ed i n,  pr obl ems  ar e 
common.  Da mage t o t he mat eri al  bei ng sewn or  t o t he t hr eads used i s i mpossi bl e t o 
avoi d and i s t ol erat ed so l ong as it does not cause breakdown of t he seam [11]. 
The pur pose of  quality control  i s t o i mpr ove t he quality of  t he seam f or  bett er 
sewability.[ 7]  Sewability t est ers and t est  devi ces have been devel oped t o quantif y 
sewability, and i n some cases st andar ds [ 11].  
The Hatra Sew was devel oped t o measur e t he needl e t emper at ur es pr oduced when 
sewi ng t he f abri c,  empl oyi ng t he t emper at ur e as s measur e of  t he f abric f ri cti onal  
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condi ti on.  It  i s used i n conj uncti on wi t h a sewi ng machi ne and i t  measur es t he 
t emper at ur e r eached i n t he sewi ng machi ne needl e when sewi ng a parti cul ar  f abri c, 
maki ng use of  an i nfrar ed det ecti on devi ce [ 9,  11,  45].  An F-i ndex i s generat ed t hat 
char act eri zes t he f ri ctional  condi ti on of  f abric sampl es sewn under  st andar d 
condi ti ons.  Surf ace fi ni sh has a cl ose correl ation wi t h needl e t emperat ur e [ 45]. 
Si nce t he f ri cti onal  conditi on of  t he f abri c i nfl uences bot h t he l evel  of  mechani cal  
damage and t he needl e t emper at ur es att ai ned,  measur ement s of  ei t her  one of  t hese 
par amet ers serves t o moni t or bot h [ 38]. 
The L&M Sewability Test er  oper at es i ndependentl y of  a sewi ng machi ne.  It 
measur es t he needl e penetrati on f orces i n or der  t o det er mi ne t he f ri cti onal  condi ti on 
[ 46].  Because f abri cs,  by vi rt ue of  t hei r  construction,  t he mat eri al  of  whi ch t hei r  fi br es 
or  t hr eads ar e made,  or  t hei r  fi ni sh,  have di ff erent  degr ees of  r esi st ance t o 
penetrati on by a sewi ng needl e t hi s devi ce t est s f abri c sewi ng pr operti es compri si ng 
a f abri c support  and a needl e head r el ati vel y movabl e t o eff ort  or  att empt  needl e 
penetrati on at  a pl ur ality of  spaced apart  poi nt s on t he f abri c and measur es t he f orce 
requi red t o push a needl e t hr ough a f abri c [ 9,  47]. I t  enabl es consecuti ve readi ngs of 
f orce penetrati on of  t he f abri c by a sel ect ed needl e t o be measur ed on a s mal l 
sampl e of  f abri c at  a r ate of  100 penetrati ons/  mi n.  Usi ng a t hr eshol d f i gur e hi gh 
count s ar e r ecor ded when t he t hr eshol d i s exceeded.  Good sewability i s i ndi cat ed 
by t he absence of „ hi gh‟ count s [ 48].  
Ther e i s a f ai rl y good correl ati on bet ween t he L & M and t he Hatra sew val ues.  Bot h 
t est s ar e based on dat a from needl e-t o-yar n and int eryam f acti onal  f orces [ 49]. 
Bot h t hese met hods are i ndi rect,  and t hei r  r elati onshi p t o act ual  sewi ng da mage 
must  be det er mi ned empi ri call y [ 46].  Al l  of  t hese t est s ar e off -li ne met hods of 
acqui ri ng i nf or mati on about  f abri c.  The Hatra t est er  i s used whi l e sewi ng,  but  t he 
devi ce i s meant  as a r api d scr eeni ng t est. The L&M t est er  si mul at es t he 
f abri c/ machi ne i nt er acti on,  but  i t  i s used at  onl y 100 stitches per  mi nute,  f ar  f r om 
i ndustri al  speeds of  4500 stit ches or  mor e per  mi nut e.  None of  t hese devi ces was 
i nt ended t o all ow t he sewi ng machi ne t o adapt [ 45].  
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5. SEWABI LI TY 
Today,  appar el  manuf acturi ng i ndustry f aces wi t h t he pr oducti on of  s mal l er  l ot s i n a 
f ast er  ti me but  at  t he same ti me i ncr easi ng t he percent age of  fi rst -quality pr oduct. 
Thi s i s a chall enge t o automati on si nce f requent  changes of  f abri cs as well  as st yl es 
cause ext ensi ve set-up ti mes f or  t he equi pment.  Any syst em t hat  all ows f or 
consi st ent  machi ne settings f or  a gi ven f abri c f rom l ot  t o l ot  and wor kst ati on t o 
wor kst ati on will enhance the appar el assembl y process [ 50]. 
The appar el  i ndustry i s t ryi ng t o r espond t o f or ei gn competiti on’  s pressur e by 
changi ng i t s pr oducti on phil osophy t o accommodat e t he consumer  demand f or ever 
i ncreasi ng st yl e vari ati on and r et ail er  demands f or  mor e f requent  Just -I n-Ti me ( JI T) 
deli veri es of  s mall er  or ders.  The appar el  i ndustry must  be abl e t o r espond t o t hese 
demands t o r emai n competiti ve.  Appar el  manuf act uri ng i n a Qui ck Response ( QR) 
envi ronment  must  have t he abi lity t o qui ckl y optimi se i t s pr ocesses when f aced wi t h 
rapi dl y changi ng f abri cs wi t h vari abl e mat eri al  properti es.  Thi s vari ability i s i nher ent 
(st ati sti cal ) wi t hi n a gi ven fabri c and bet ween diff erent t ypes of f abri c [ 51]. 
At  t he centre of  t he sewi ng oper ati on i s t he sewi ng machi ne,  and i n gener al ,  an 
experi enced oper at or  i s requi red t o set  up t he sewi ng machi ne t o pr operly sew each 
fabri c t ype.  As t he manuf act uri ng i ndustry moves t owar d s mal l er  l ot s wi t h gr eat er 
pr oduct  vari ability,  t he sewi ng oper ati on becomes  i ncr easi ngl y i neffi cient  due t o 
frequent  tri al  and err or  al t erati ons of  sewi ng machi ne par amet er s t o mat ch f abri c 
pr operti es.  As a r esul t,  the quantit y and quality of  goods pr oduced i s di rectl y r el at ed 
t o t he skill  of  t he oper ator.  Aut omati on i s seen as a means of  deskilli ng t he sewi ng 
oper ati on,  and pr ovi di ng a means of  achi evi ng new met hods of  manuf act uri ng such 
as JI T and QR.  To f ull y aut omat e appar el  assembl y,  t he sewi ng machi ne must  be 
abl e t o sense and compensat e changi ng sewi ng condi ti ons.  If  t he f abric t ype or 
number  of  pli es bei ng sewn changes,  t he sewi ng machi ne shoul d det ect  t hi s change 
and al t er  sewi ng par amet ers t o opti mi se seam qual ity,  i . e.,  t he sewi ng machi ne 
shoul d adapt [ 45]. 
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Cl ot hi ng manuf act uri ng oper ati ons ar e basi call y i nvol ved wi t h t he conversi on of 
i niti all y fl at  t extil e mat erial s i nt o a t hr ee- di mensi onal .  Gar ment,  t hr ough a nu mber  of 
oper ati ons,  t he maj orit y of  whi ch ar e sewi ng operati ons i n whi ch f abri c sewabilit y i s 
a f act or of t he ut most i mport ance [ 12]. 
The l ast  t wo decades of  research on sewability have l ed t o a gr eat er  under st andi ng 
of  t he compl ex i nt er actions i nvol ved i n j oi ni ng t wo or  mor e pl i es of  materi al  wi t h 
t hread.  Al t hough i t  i s al most  150 years si nce t he i nventi on of  t he sewi ng machi ne,  a 
si gnifi cant  anal ysi s of  thi s j oi ni ng syst em di d not  emer ge until  sewi ng speeds 
i ncreased beyond 3000 stitches per  mi nut e.  The number  of  pr obl ems r el at ed t o 
sewability i ncr eased wi th t he hi gher  sewi ng speeds used t o j oi n t he newer  t extil e 
mat eri al s.  Changes t o finer  gauge kni t s and f abri cs fi ni shed wi t h di ff er ent  dyes and 
fi ni shes,  t oget her  wi t h t he wi despr ead accept ance of  synt heti c fi bers i n bot h f abri cs 
and sewi ng t hreads, creat ed new sewability probl ems.  
Pr evi ous r esearchers have i nvesti gat ed t hese pr obl ems wi t h a wi de r ange of 
i nstrument s and r ecommended a number  of  approaches t o mi ni mi ze t he pr obl ems. 
As  t he appar el  i ndustry becomes mor e and mor e aut omat ed,  however,  the sewi ng 
machi ne wi ll  be subj ected t o new r equi rement s,  si nce t he oper at or  wi ll no l onger 
have di rect  control  of  t he f abri c and machi ne.  I n f ut ur e manuf act uri ng envi ronment s, 
t he sewi ng machi ne wi ll  have t o be mor e fl exi bl e t o perf or m equall y effi ci entl y acr oss 
a wi der range of f abri cs [1]. 
Anal ysi s of  sewi ng t echni ques i ndi cat ed t hat  hi gher  quality appar el  assembl y 
requi red r esearch i nt o t he f undament al  aspect s of  sewi ng control. Fr om t hi s 
anal ysi s,  t he t wo courses of  r esearch t o be f oll owed wer e;  t he det ermi nati on of 
met hods f or  char act eri zing t he dynami cs of  hi gh speed sewi ng machi ne and f abri c 
i nt eracti ons,  and t he deter mi nati on of  met hods of  adapti vel y controlli ng t he sewi ng 
syst em based on t he on-li ne eval uati on of t he f abri c/ machi ne i nt eracti ons [51].  
5. 1 Sewability Defi niti ons 
Knowl edge of  t he behavi our  of  f abri cs i n t he manuf act uri ng pr ocess i s most 
i mport ant  i n gar ment  desi gn and pr oducti on pr epar ati on,  as t hi s al lows f or  a 
pr edet er mi nati on of  t he par amet ers of  t he pr ocess.  These par amet ers ar e 
commonl y call ed ‘ sewabi lity f act ors’ [ 12]. 
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Sewability has become a generi c t er m i n t extil e sci ence and t echnol ogy,  meani ng 
t he ability of  t he mat erial  t o be j oi ned eff ecti vel y and t o conf or m wi t hin a gi ven 
specifi cati on of quality and perf or mance accept abl e f or its end use [ 52]. 
Sewability was defi ned i n 1989 by Curi ski s as ‘ the effi ci ency of  j oi ni ng t wo or  mor e 
l ayers of  f abri c mat erial  wi t h t hr ead vi a machi ne sewi ng‘ .  Uchi yama defi ned 
sewability as t he ‘ ease wi t h whi ch a gi ven f abric can be t ransf or med i nto t he fi nal  
t hree- di mensi onal  gar ment’.  Addi ng t o t hi s defi nition wor ds such as ‘ wi t hout  causi ng 
sewi ng pr obl ems’  or  ‘ damage t o t he pr oduct‘  can expl ai n t hi s t er m mor e expli citl y.  It 
i s al so usef ul  t o poi nt  out  t hat  f abri c sewability has qualit ati ve as wel l  as quantit ati ve 
aspect s,  whi ch shoul d not  be excl uded i n t he eval uati on of  sewability [ 12].  Beher a 
et. al.  defi ned sewability as t he ability and ease with whi ch f abri c component s can be 
qualit ati vel y and quanti t ati vel y seamed t oget her,  t o convert  a gar ment.  The 
char act eri sti cs of  a hi gh-quality seam ar e strength,  el asti city,  dur ability,  stabi lity and 
appear ance.  These qual iti es can be measur ed by seam par amet ers such as seam 
effi ci ency, pucker, sli ppage, damage and appearance [ 53]. 
Good sewability i mpl i es bett er  ease of  f or mation of  shell  struct ur es f rom t wo-
di mensi onal  f abri cs,  r esul ti ng i n di st orti on-free,  unpucker ed gar ment s.  I mpr oved 
sewability r equi res optimu m i nt egr ati on of  such vari abl es as stit ch l engt h,  t hr ead 
tensi on, t hread and f abric char act eri sti cs, and sewi ng machi ne set up [ 11] . 
For  good sewability,  i t  i s necessary t o mi ni mi ze t he f orces r ecor ded i n penet r ati on 
and wi t hdr awal  of  t he needl e and f or  manuf act urers t o opti mi se needl e penet r ati on 
by combi ni ng pr oper f abri c fi ni sh and constructi on and sewi ng par amet ers [ 1]. 
I nvesti gati ons i nt o many new pr obl ems i n sewi ng,  ari si ng f rom t he use of  new 
synt heti c f abri cs,  evol ved f rom t he appli cati on of  basi c engi neeri ng pri nci pl es,  e. g. 
measur ement s of  t he needl e penetrati on f orces and measur ement  of  t he heat 
gener at ed by t he needl e and i t s eff ect  on f abri c damage i n t he pr ocess of  sewi ng. 
Thi s t ype of  wor k l ed t o many i nnovati ons i n sewi ng,  such as new shapes and 
coati ngs of  needl es,  l ubri cati on of  t hr eads,  t he fi ni shi ng of  f abri cs and 
recommendati ons on t he revi sed setti ng of sewi ng machi ne par amet ers [ 12].  
I n or der  t o sol ve t he pr obl em about  sewability,  signal s must  be gener at ed whi ch ar e 
i ndi cati ve of  f aul t s i n quality.  If  t hi s can be done successf ull y,  t her e i s a chance t hat 
t he sewi ng pr ocess can be aut omat ed.  The quality of  t he seam i s mai nl y i nfl uenced 
by t he amount  of  t hr ead consumed,  t he needl e penetrati on f orce and t he f abri c f eed 
[54]. 
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5. 2 Sewability Measurement Met hods 
Earl y wor k on sewability was r el at ed pri nci pall y t o t he f oll owi ng ar eas:  t he search f or 
a si mpl e met hod/f or mul a of  assessi ng sewability t hrough,  f or  exampl e,  needl e heat 
or  seam effi ci ency,  based on a knowl edge of  a l imi t ed number  of  par ameters,  mai nl y 
f or  qualit ati ve assess ment,  eval uati on of  separ at e component s of  t he sewi ng 
pr ocess,  f or  exampl e,  needl e penetrati on f orce or  sewi ng t hr ead t ensi on,  f or 
quantit ati ve pur poses.  These measur ement s wer e based on t he appli cati on of 
commonl y avail abl e i nstrument s used i n t he engi neeri ng fi el d,  whi ch wer e usual l y 
abl e t o coll ect onl y a small amount of dat a and needed ti me consumi ng cal cul ati ons.  
Earl y contri buti ons t owards an underst andi ng of  sewi ng t echnol ogy came f r om a 
paper  publi shed by Davi es i n 1933,  whi ch cont ains r esul t s of  an i nvesti gati on i nt o 
stitches and seams i n t he course di recti on i n pl ain,  kni tt ed f abri cs.  Si x t ypes of  seam 
wer e measur ed wi t h r espect  t o strengt h,  ext ensi bility and t hr ead usage,  and t he 
resul t s pr ovi ded a basi s f or  anal ysi s and subsequent  i mpr ovement  of  quality and f or 
a costi ng of  t hr ead usage.  Thi s constit ut ed one of  t he fi rst  publi shed exampl es of 
sewability, treat ed as a 'pr obl em i n sewi ng’ . 
I n t he paper  publi shed i n 1939 by t he Shi rl ey I nst itut e ( one of  a seri es of  report s on 
quality of  f abri cs,  gar ment s and sewi ng,  st art ed i n 1936),  t he causes of  seam f ail ur e 
i n woven f abri cs pr oduced by t ransverse l oadi ng,  wer e f or  t he fi rst  ti me,  defi ned and 
cat egori sed i nt o br eakage of  t he sewi ng t hr ead,  breakage of  t he f abri c,  and sl i ppage 
of  t he cl ot h yar ns l yi ng cl ose t o and par all el  wi t h t he seam.  The wor k of  the Shi rl ey 
I nstit ut e was t he fi rst  exampl e of  such syst emati c r esearch i n t he worl d and i t 
conti nued duri ng and after Worl d War II. 
The fi rst  wor k,  whi ch al t hough r udi ment ary,  was done i n 1951 by Scott  who 
anal ysed t he needl e penetrati on t races gener at ed by a f orce t ransducer  pl aced i n a 
machi ne f or  sewi ng sacks addi ti onall y t he t hermal  damage caused by t he needl e 
was observed but  not  quantifi ed.  The fi rst  i nstrument ed machi ne menti oned i n t he 
literat ur e was a baggi ng machi ne,  whi ch had a f orce t ransducer  mount ed on t he 
needl e bar.  Needl e penetrati on t races wer e obtai ned and t he damage t o t he f abri c 
was eval uat ed.  However,  no f urt her  det ail s about  i t  coul d be f ound i n any avai l abl e 
li brary coll ecti on.  
The second wor k carri ed out  at  Quart er  Mast er  Gener al  i n Phil adel phi a,  was r el at ed 
t o t he met hod of quantif yi ng seam effi ci ency.  
Furt her  r esearch on t he sewi ng condi ti ons r esul ted i n an expansi on of  t he r ange of 
i nvesti gati ons of  t he causes of  damage by a needl e t o t he f abri c,  e. g.,  due t o heat 
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gener ati on [ 12].  I n 1952,  Fr ederi ck st udi ed t he ef f ect s of  needl e da mage on seam 
strengt h i n cott on f abri cs.  He defi ned t he sewabil ity of  a f abri c as t he degree of  i t s 
resi st ance t o needl e damage [ 12,  37].  Hi s r eport  i mpli ed t hat  all  seams  f ail ed 
t hrough f abri c br eakage caused by needl e cut s t o t he yar n.  Hi s wor k demonstr at ed 
t he need f or  a bett er  met hod of  cal cul ati ng seam eff ecti veness.  I n t he ol d met hod 
the number  of  damaged yar ns had been counted and t hei r  val ue was t aken as 
char act eri si ng sewi ng effi ci ency.  Fr ederi ck' s work r esul t ed i n an i mpr oved seam 
effi ci ency f or mul a,  t he rati o of  seam t ensil e strengt h t o f abri c t ensil e strengt h, 
expr essed as a per centage.  Thi s all owed mor e accur at e compari sons of  seam 
effi ci ency at  t he st age of  gar ment  desi gn.  Neverthel ess,  t hi s was still  i nadequat e as 
t he sol e measur e of  f abri c sewability,  si nce other  i nvesti gati ons had di scover ed 
many mor e f act ors of  i mport ance,  such as sewi ng envi ronment  and human f act ors, 
whi ch i nfl uenced sewi ng oper ati ons [ 12]. 
Four  f act ors,  whi ch aff ect s mostl y on t he sewability ar e as f oll ows:  t he eff ect  of 
t her mal  damage on sewability,  t he eff ect  of  needl e penetrati on f orces on sewability, 
t he eff ect  of  sewi ng t hr ead on sewability,  t he effect  of  f abri c f eedi ng on sewabil ity. 
Researches ar e di vi ded int o f our part s accor di ng to t hi s cl assifi cati on.  
5. 2. 1 The Effect of Needl e Penetrati on Forces on Sewability 
I n 1972,  Nowak di d very i nf or mati ve wor k and carri ed out  one of  t he most  i mport ant 
si ngl e pi eces of  r esearch t hus f ar,  when he anal ysed t he char act eri sti cs of  t he 
needl e penetrati on pr ocess i n quasi st ati c and dynami c f or m i n r eal ,  not  si mul at ed, 
condi ti ons,  i n contrast  to pr evi ous r esearchers. Hi s r esul t s showed t hat  needl e 
penetrati on f orces ar e of  t he same char acter  under  quasi st ati c and dynami c 
condi ti ons,  but  t he magni t udes ar e f our  ti mes hi gher  i n dynami c condi tions.  Fr om 
these experi ment s,  i t  was obvi ous t hat  quasi st atic condi ti ons wer e not  sui t abl e f or 
t he eval uati on of  needl e penetrati on f orces,  and coul d onl y be used f or  qual it ati ve 
assess ment [ 12]. 
I n 1978,  Leemi ng and Munden st udi ed t he f act ors aff ecti ng needl e penet r ati on 
f orces i n kni tt ed f abri cs and desi gned t he ' L&M Sewability Test er' ,  whi ch has al so 
been used f or woven f abri cs [ 47].  
 
I n 1979,  Nestl er  and Ar nol d contri but ed t o knowl edge on sewability by i nvesti gati ng 
t he r el ati onshi p of  needl e penetrati on f orces and t her mal  damage i n a l ock-stit ch 
sewi ng machi ne [ 12]. 
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The struct ur e of  f abri c and i t s r esi st ance t o needl e pi erci ng was wi del y di scussed 
by,  Dor ki n and Cha mberl ai n,  Gal uszynski  and Ger sak and Knez [ 12,  36]. 
Gal uszynski  exami ned t he eff ect s of  f abri c struct ur e on t he f abri c r esist ance t o 
needl e pi erci ng.  He used a l ockstitch sewi ng machi ne.  Wool -  woven f abri cs wer e 
sewn wi t h and wi t hout  t hread and wi t h t hr ee di ff erent  needl e number s at  a speed of 
1740 r pm.  The r esul t s obt ai ned showed a good correl ati on bet ween t he needl e 
penetrati on f orce and f abri c ti ght ness and mass [ 55].  
I n 1995,  St yli os and Xu i nvesti gat ed t he i nfl uence on t he needl e penetrati on f orce 
caused by t he shape of  t he cr oss secti on and t he pr ofil e curve at  t he needl e poi nt. 
They anal ysed t he f orces acti ng bet ween t he constit uent  f abri c yar ns and the needl e 
surf ace by means of  t he mechani cal  pri nci pl es of  el asti city.  They f ound t hat  t he 
f act ors i nfl uenci ng t he penetrati on f orce of  t he sewi ng machi ne needl e mai nl y 
i ncl ude t he mechani cal  pr operti es of  t he t extile mat eri al s,  t he vari ation r ati o of 
needl e r adi us,  t he contacti ng arc l engt h,  t he f ri cti onal  coeffi ci ent  of  the needl e 
surf ace and t he machi ne speed.  Hi gh penetration f orce i s one of  t he key r easons 
causi ng t he sewi ng damage.  But  t he magni t ude of  t he maxi mu m penetrati on f orce 
can be changed if t he needl e poi nt profil e i s changed [ 56]. 
I n 1996,  Lomov comput ed t he maxi mum needl e penetrati on f orces wi t h a 
mat hemati cal  model .  He al so di d an experi ment  to compar e t he measur ed dat a wi t h 
t he pr edi ct ed ones.  He used fi ve 100 % cott on woven f abri cs,  havi ng di ff er ent 
struct ur es,  and one t ype of  chr omi um- coat ed needl e.  He measur ed t he maxi mu m 
penetrati on f orce on I nstron equi pment.  Thi s measur ement  gave st ati c penet r ati on 
f orces of  t he needl e.  Resul t s showed t hat,  ther e i s a di rect  dependence of 
penetrati on f orce on f abric struct ur al par amet ers [57].  
The needl e penetrati on f orce can be cal cul at ed i n di ff erent  ways:  as a f uncti on of  a 
nor mal  f orce and f ri cti on coeffi ci ent,  wher e t he nor mal  f orce i s expr essed wi t h t he 
resi st ance f orce of  a yarn or  as a f uncti on of  nor mal  f orce and needl e pr ofil e and 
speed.  The movement  of  a sewi ng needl e depends on a char act eri sti c movement  of 
a whol e mechani sm,  whi ch moves needl e bar  or  needl e.  Val ues of  needl e vel oci t y i n 
t he penetrati on ar ea coul d be obt ai ned wi t h t he hel p of  si mul ati on of  needl e bar 
mechani s m movement.  In 1998,  Loj en si mul at ed t he needl e bar  mechani sm usi ng 
t he pr ogr am package ADAMS.  The r esul t s showed t hat,  t he constructi on of  a needl e 
bar  mechani sm has an i mport ant  i nfl uence on vel ocit y and accel er ation val ues. 
Hi gher  mai n shaft  vel oci t y r esul t s i n hi gher  vel ocit y of  a sewi ng needl e i n t he 
penetrati on ar ea.  I n addi ti on,  t he penetrati on f orce i s hi gher  i n t hat  case.  Achi eved 
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i nf or mati on on vel ociti es coul d be used f or  cal cul ati on of  t he penetrati on f orce of  a 
needl e [ 58]. 
Fabri cs by vi rt ue of  t hei r constructi on,  t he mat erial  of  whi ch t hei r  fi bres or  t hr eads 
ar e made,  or  t hei r  fi ni sh,  have di ff erent  degr ees of  r esi st ance t o penet rati on by a 
sewi ng needl e [ 47]. 
Needl e penetrati on f orce r esul t s from t he r esi st ance of  t he f abri c i n t er ms of  f ri cti on 
f orce on i t s l at er al  surf ace duri ng t he al t ernati ng move ment  of  t he sewi ng cycl e. 
Ot her  f act ors such as needl e t hr ead t ensi on and t he i nerti a f orces caused by needl e 
bar accel er ati ons contri but e t o t he vari ati on of t his f orce [ 59, 60]. 
Gener all y,  t her e ar e f our  maj or  sources of  f abri c r esi st ance t o t he penet r ati ng 
needl e: 
(1)  Me mbr ane stress r esul ti ng f rom t he f abri c bendi ng i n t he di recti on of  t he needl e 
moti on;  
(2) Fri cti on bet ween t he needl e and t he f abri c 
(3)  Thr eads r esi st ance t o a di spl acement  i n t he vi ci nit y of  t he needl e,  r esul ti ng f r om 
threads resi st ance t o bendi ng and fri cti on bet ween war p and weft t hreads;  
(4) Thr eads t ensi on owi ng t o t hei r el ongati on aft er t he di spl acement [ 57]. 
Fi gur e 5. 1 shows t he f orces, acti ng on t he penetrati ng needl e.  
 
Fi gur e 5. 1 Forces acti ng on t he needl e 
Fi gur e 5. 2 shows a t ypi cal  si mul ati on r esul t  from the Fi nit e El ement  Anal ysi s ( FEM) 
of  sewi ng needl e penetrati on di spl ayi ng t he needl e cutti ng acti ons.  Fr om t he fi gur e i t 
i s seen t hat  when t he needl e r eaches t he f abri c,  t he f abri c fi rst  bends and t hen 
yi el ds, f or mi ng a hol e [ 61]. 
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Fi gur e 5. 2 The si mul ati on of sewi ng needl e penet rati on usi ng FEM  
The penetrati on f orce r epr esent s t he vect ori al  sum of  all  t he r eacti on f orces,  whi ch 
occur  when t he needl e penetrat es t he f abri c as a r esul t  of  ti me- dependent  i mpact, 
di spl acement,  and f ri cti onal  f orces.  The i mpact  for ce i s det er mi ned mai nl y by t he 
shape of  t he needl e poi nt,  t he fl exi bility / and support  of  t he f abri c,  as wel l  as t he 
shape of  t he stit ch hol e and i mpact  speed.  The di spl acement  f orce or  r esi st ance of 
t he f abri c depends l ar gel y on t he f abri c' s struct ure and r heol ogi cal  char acteri sti cs as 
wel l  as on t he needl e/ speed.  The r heol ogi cal  charact eri sti cs of  t he f abri c i ncl ude t he 
fi bre surf ace/ char act eri sti cs and t he cr osswi se f orces whi ch occur  i n t he fi br e 
assembl y,  i . e.  t he fi bre/fi bre f ri cti on;  t he compact ness of  t he kni tti ng yar ns;  t he 
di spl acement  and compressi on eff ect  of  t he cone angl e;  t he cr oss-secti on of  t he 
needl e poi nt;  t he si ze and shape of  t he stit ch hol e and t he number  of  l ayer s of 
f abri c.  The fri cti onal  f orces bet ween t he needl e and t he f abri c on t he ot her  hand ar e 
a f uncti on of  t he compr essi on f orces i n t he f abri c and of  t he l ubri cant  pr esent  on t he 
fi bre mat eri al,  i . e.  t he fi bre/ met al  coeffi ci ent  of  fri cti on.  The di spl acement  and 
compr essi on f orces depend,  i n t ur n,  on t he constructi on and densi t y of  t he f abri c 
[ 62]. 
I n 1999 Uj evi c descri bed t he mai n char act eri stics of  cott on kni tt ed f abric fi ni shi ng 
and soft eni ng.  The appli cati on of  a new devi ce f or  t esti ng l oop damages i s 
di scussed,  t oget her  wi th t he measuri ng syst em f or  t esti ng t he sewi ng needl e 
penetrati on f orce.  The r educti on of  t he i nci dence of  l oop damage,  i n,  r el ati on t o t he 
sewi ng needl e penetration f orce i s i nvesti gat ed on t he si ngl e j ersey cotton kni tt ed 
f abri c [ 63]. 
5. 2. 2 The Effect of Sewi ng Thread on Sewability 
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Al t hough t he char act eri sti cs of  current  sewi ng t hreads ar e adequat e,  t hei r t echni cal  
pr operti es still  r equi re i mpr ovement  t o mat ch mor e demandi ng pr ocess r equi rement 
mor e cl osel y.  The physi cal  and mechani cal  pr operti es by whi ch t he quality of  t hr ead 
shoul d be j udged i ncl ude br eaki ng strengt h,  el ongati on at  br eak,  vari ati on of 
physi cal  and mechani cal  pr operti es,  and t wi st  t hread l i veli ness).  Duri ng sewi ng,  a 
t hread i s subj ect ed t o a mul tit ude of  fr equent  changes of  t ensil e f or ces,  whi ch ar e 
destructi ve and r educe thread strengt h i n l ockst itch machi nes by 30 % and mor e.  
Thi s r educti on i n seam strengt h r equi res stronger  t hr eads,  whi ch ar e consequentl y 
mor e expensi ve.  A weakened t hr ead i s al so prone t o br eak,  whi ch consequentl y 
l eads t o st oppages of t he sewi ng machi ne.  
Past  r esearch i nt o sewi ng t hr eads has been concentrat ed i n t wo mai n di recti ons: 
defi ni ng t he pr oper  par amet ers correl at ed wi t h t hread br eakage and quantifi cati on of 
f orces t o whi ch t hr ead i s subj ect ed,  t hei r  causes and t hei r  di stri buti on dur i ng stit ch 
f or mati on [ 12].  A good sewi ng t hr ead shoul d gi ve an accept abl e seam appear ance, 
i.e. proper stitch geometry and ti ght, unif or m and unpucker ed seam [ 64].  
I n 1952 Kol esni kow,  Pankowa and Al exeev publi shed t hei r  r esearch on sewi ng 
thread t ensi on vari ati ons duri ng t he sewi ng process,  whi ch t hey l i nked t o t he 
number  of  r esi st ance poi nt s from t hr ead gui des whi ch cause an i ncr ease i n t hr ead 
tensi on.  The r esul t s of  thei r  wor k,  al t hough i n a rudi ment ary f or m,  wer e among t he 
first  publi shed,  and stimul at ed i nt ensi ve r esearch i n academi a and al so by t he 
t hread and needl e manufact uri ng sect ors over t he f oll owi ng decades.  
The experi ment s whi ch f ocused on measuri ng t hr ead t ensi on and defi ni ng i t s 
magni t ude duri ng t he sewi ng pr ocess ar e perfor med by f oll owi ng r esearcher s: 
Tomanec and Sr amek,  wor ki ng on t he l ock-stitch machi ne di scovered t hat  a 
rel ati onshi p exi st s bet ween t he stress i n t he t hr ead and t he l oad on t he pl at e 
t ensi oner  of  t he sewi ng machi ne.  Nowak and Wi ezl ak measur ed t he di st ri buti on of 
dynami c stresses of  t he sewi ng t hr eads on t wo l ock-stitch sewi ng machi nes and 
found t hat  maxi mum val ues wer e at  speeds of  500- 1000 r pm and 800-1800 r pm. 
Al so t he t ensi on decr eased wi t h t he i ncr ease of  t he sewi ng speed,  whi ch was l at er 
confi r med by Deer y.  They concl uded however,  t hat  t he maxi mum val ue of  t he 
dynami c t ensi on was l ower  t han t he strengt h of  t he t hr eads used.  I n some 
ci rcumst ances parti cul arl y i n t he unf avour abl e speed r ange wi t h maxi mum t hr ead 
tensi ons,  a hi gh st ati c t ensi on and t he exi st ence of  weak pl aces i n t he t hread i t sel f 
coul d cause t hr ead breakages.  Thi s i nvesti gati on was l i mi t ed t o t wo sewi ng 
machi nes,  and t her e i s a need f or  f urt her  i nvesti gati on usi ng newer  t ypes of 
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machi nes [ 12]. 
The st udi es of  dynami c t ensi on i n sewi ng t hr eads have gener all y been i ntended f or 
i mpr ovi ng seam qual ity. Controlli ng t he ti ght eni ng t ensi on of  sewi ng t hread duri ng 
hi gh-speed sewi ng coul d be usef ul f or i mpr oved sewability [ 11]. 
I n 1991Ger sak and Knez measur ed t hr ead strengt h r educti on and dynami c  str ai n 
usi ng PC- based i nstrument ati on and f ound t hat  these wer e f uncti ons of  t he f oll owi ng 
fact ors:  t he number  of  passages t hr ead makes over  t hr ead gui des,  t hr ead f acti onal  
pr operti es,  t hr ead fi neness,  and t he pr essur e f orce t hat  t he di sc t ensioner  exert s 
upon t he sewi ng t hr ead.  They al so anal ysed t he l oadi ng of  t he t hr ead and confi r med 
the strengt h reducti on range measur ed by t he pr evi ous researchers [ 12]. 
5. 2. 3 The Effect of Thermal  Da mage on Sewabi lity 
Earl y r esearch on sewability was char act eri sed by i nvesti gati ons of  damage t o f abri c 
caused by t he needl e.  Aft er  Scott,  t her e wer e sever al  att empt s t o assess t her mal  
damage.  Sol dhel m di scover ed t hat  wax cont ent  i n a cott on f abri c r educed t he 
needl e t emper at ur e,  as di d ot her  l ubri cant s.  Frederi ck and Zabi eboyl o mount ed 
sil ver  sol der ed const antan wi re i n t he back gr oove of  t he needl e at  di ff er ent 
posi ti ons.  By usi ng a speci al  pyr omet er  t he needl e t emper at ur e was measur ed 
duri ng sewi ng and t he concl usi on was r eached t hat  t he i nt eri or  of  t he needl e was 
hott est  and t hat  t he heat  gener at ed was a f unction of  fi bre f ri cti onal  pr operti es and 
cl ot h ti ght ness [ 12]. 
Dor ki n and Chamberl ain st udi ed t he eff ect s of  i ncr eases i n machi ne speed i n 
rel ati on t o a set  of  vari ous f act ors (t he needl e,  the f abri c and t hr ead charact eri sti cs, 
t he number  of  pli es).  They al so measur ed needl e heati ng usi ng t her mocoupl es,  by 
t he i nserti on of  a s mal l  di amet er  f errous wi re i nside t he needl e eye and by sol deri ng 
t hi s i nt o t he needl e gr oove at diff erent poi nt s up to t he needl e shoul der [ 36].  
Khan et. al,  st udi ed t he behavi our  of  needl e penetrati on f orces i n si mul at ed 
condi ti ons,  usi ng an I nstron t ensil e t esti ng i nstrument,  wi t h t he ai m of  i dentif yi ng 
needl e-f abri c i nt er acti ons l eadi ng t o heat  gener ati on.  The penet rati on and 
wi t hdr awal  f orces and ener gy expended wer e measur ed as f uncti ons of  needl e 
vel ocit y.  The needl e vel oci ti es wer e;  however,  3- 4 ti mes l ower  t han i n act ual  sewi ng 
condi ti ons.  The r esul t s obt ai ned f or  t hr ee maj or  vari abl es (t he number  of  l ayer s,  t he 
needl e di amet er  and needl e fi ni sh)  confi r med that  t hey aff ect  t he magni t ude of 
needl e penetrati on f orces and t hat  t he r el ati on of  t he needl e pi erci ng f orce t o needl e 
di amet er  i s l i near.  Thi s was confi r med al so wi t h respect  t o t he number  of  t he f abri c 
l ayers.  However,  i n t hei r  st udy,  t he f orces wer e measur ed under  l i near vel oci ti es 
i nst ead of  si nusoi dal  i n t he r eal  sewi ng pr ocess.  Al so,  t he magni t ude of  the vel oci t y 
i s si gni fi cantl y l ower  t han t he act ual  sewi ng vel oci ti es.  Howar d confi r med t he eff ect 
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of  i ncr easi ng needl e di amet er  i n gener ati ng mor e heat.  However,  because t he heat 
det ect or  coul d not  r espond t o r api d changes i n needl e t emper at ur e,  t he pr ofil e of 
needl e t emper at ur e di stributi on was i naccur at e.  
As  a r esul t  of  i nt ensi ve i nvesti gati ons i nt o pr obl ems of  needl e/t hread/f abri c 
i nt eracti ons,  many t echni cal  i mpr ovement s were devel oped i ncl udi ng a speci al 
needl e desi gn,  needl e coati ngs,  f abri c and t hread fi ni shes,  f abri c l ubri cant s and 
needl e cooli ng met hods.  For  exampl e,  Schmet z devel oped a speci al  needl e cal l ed 
'the bl ued,  bul ged eye needl e' .  The eye of  t hi s needl e was enl ar ged,  whi ch r educed 
the cont act  ti me wi t h t he f abri c duri ng t he passage of  t he needl e t hr ough t he f abri c 
l ayers.  Al l  t he above menti oned r esearch r esul t s contri but ed gr eatl y t o t he body of 
knowl edge on sewability of knitt ed and woven f abri c [ 12]. 
5. 3 I nt egrat ed Comput er- Based Sewability Measuri ng Syst ems ( On- Li ne 
Measurement) 
The earl y wor k contri buted t o t he body of  knowl edge on sewability and showed t he 
compl exit y of  t he pr obl ems  f aci ng t he i ndustry,  parti cul arl y i n t he pr ocess of  t he 
devel opment  of  sewabil ity pr edi cti on met hodol ogy.  Thi s however  r equi red mor e 
advanced t echni ques and i nstrument ati on,  such as f abri c obj ecti ve measur ement 
t echnol ogy and i nstrument ati on of  t he sewi ng machi ne wi t h very sensi ti ve sensor s 
i nt egr at ed i n PC- based equi pment [ 12]. 
Conti nuous moni t ori ng of  t he seami ng pr ocess on t he sewi ng machi ne as an 
i mport ant  pr er equi sit e f or  t he aut omati on of  sewi ng st ati ons i s carri ed out  al l  t oo i n-
frequentl y.  It  i s absol ut ely vi t al  t hat  t he,  f aul t s be det ect ed whi l e t he seam i s act uall y 
bei ng sewn,  so t hat  sewi ng machi nes do not  produce r ej ect s,  even wi thout  bei ng 
supervi sed by an oper at i ve,  t her eby r educi ng t he cost s i nvol ved i n r ectifyi ng f aul t s 
l at er on [ 54]. 
Advanced sewi ng machi nes shoul d be abl e t o set  up aut omati call y,  detect  sewi ng 
fault s,  and sel f-adj ust  to r equi red setti ngs.  I n or der  t o achi eve t hi s obj ecti ve,  a 
sewi ng machi ne has been i nstrument ed wi t h sensors,  so t hat  wave f or ms of  needl e 
penetrati on and wi t hdr awal  f orces,  pr esser-f oot  compr essi on f orce,  and sewi ng 
thread t ensi ons can be capt ur ed and anal ysed.  
St ati sti c pr ocess control  i s f undament al  t o achi evi ng a st at e of  excell ence i n qual it y 
and " zer o def ect s."  On- li ne pr ocess control  can adequat el y manage qual it y i n a 
moder n advanced manuf act uri ng syst em by fi ndi ng and el i mi nati ng t he causes of 
def ect s.  I n t he past  f ew years,  even t hough consi der abl e pr ogr ess has been made 
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i n ar eas such as r eal -ti me sewi ng r oom pr oducti on management,  t he on-line control 
of sewi ng par amet ers has not yet been f ull y i ncl uded i n t he over all package [ 59, 60]. 
Co mput ers have made qui ck and accur at e measuri ng possi bl e,  as wel l  as st ori ng 
qui t e number  of  measured dat a i nt o t he comput er  me mor y banks,  t ogether  wi t h t he 
subsequent  mat hemati cal  pr ocessi ng and anal ysi s of  t he dat a obt ai ned.  Fi gur e 5. 3 
shows t he pri nci pl es of measuri ng [ 65]. 
Today,  i t  has become possi bl e t o observe and r ecor d dynami c changes wi t h a 
pr eci si on i n ti me as f i ne as 10- 9seconds.  Such measur ement s can pr ovi de 
i nval uabl e i nsi ght s i nt o hi gh-speed sewi ng ( speeds above 3000 r pm f or  a l ock-stit ch 
machi ne) and shoul d help i n appar el processi ng.  
I n t he l i ght  of  r ecent  devel opment s i n i nstrument ati on,  whi ch enabl e r api d 
measur ement s t o be made,  t he dynami c component s of  t he sewi ng pr ocess 
parti ci pati ng i n stitch f ormati on can now be measur ed wi t h hi gher  accuracy.  The 
i mport ance of  t hese measur ement s of  t he sewi ng pr ocess i s t hat  quantifi cati on i s 
rel at ed t o r eal -ti me,  not  t o si mul at ed condi ti ons.  The pr esent  measur ement s ar e 
' nearl y r eal ".  The r esol uti on r eaches 10- 9sec.,  and compul sory pauses i n bl ocks of 
dat a acqui siti on ar e s mall,  so t hat  i t  i s accept abl e t o call  t he acqui siti on of  dat a 
' conti nuous' ,  as i f  i t  was acqui red i n r eal  ti me.  Wi t h t he capability of  moder n 
i nstrument ati on,  many mor e f act ors,  besi des t hat  of  t he needl e penetrati on f orce, 
can be measur ed si mul taneousl y,  l eadi ng t o a mor e accur at e and pr eci se sewi ng 
pr ocess anal ysi s.  Wi t h i ncr eased sampl i ng capabi liti es many unf or eseen f act ors t hat 
ari se can be quantifi ed and pr ovi de f resh i nput  f or  (f abri c,  t hr ead,  machi ne) 
desi gners [ 12]. 
 
Fi gur e 5. 3 Pri nci pl es of measuri ng  
I n 1976,  Hurt  and Tyl er measur ed t he needl e penetrati on f orce by usi ng a st r ai n 
gauge i n t he t hr oat  pl ate of  a l ockstitch machi ne.  At  speeds of  up t o 2000 r pm,  i t 
was f ound t hat  t he damage occurred at  t he needl e eye,  and i t  was cl ai med t hat  t he 
penetrati on f orces was gr eat er  at  l ower  speeds,  per haps owi ng t o i ncr eased f abri c 
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def or mati on.  It  was al so poi nt ed out  t hat  penetrati on f orces ar e vect or  for ces and 
di ff er wi t h t he f abri c constructi on [ 66]. 
I n t he 1980s,  dynami c needl e f orce and t hr ead t ensi ons pr ofil es wer e capt ur ed i n 
real ti me by usi ng computer/ sensor t echnol ogy.  
The fi rst  i mport ant  comput er-based measur ement s wer e carri ed out  by t he 
Denkendorf  I nstit ut e of  Technol ogy and r eport ed i n 1985.  The t hr oat  pl at e of  a l ock-
stitch machi ne was strain- gauged ar ound t he needl e hol e wi t h t he cut  off part  of  t he 
pr esser-f oot  pr eventi ng i nt erf er ence wi t h t he al umi ni um gauge.  The anal ogue i nput 
si gnal s wer e ampl ifi ed and convert ed t o di git al  for m and anal ysed by an Appl e II e 
mi cr ocomput er.  The sampl i ng r at e was 30 KHz.  The pr ogr amme was wri tt en i n 
BASI C and di spl ayed 255 dat a poi nt s i n 50 cycl es,  wi t h 5 dat a poi nt s per  cycl e onl y, 
as f orce magni t ude i n stick and/ or  bar  f or ms versus ti me.  Test s wer e carried out  at  a 
speed of  1000 r pm wi th and wi t hout  needl e t hread t o i nvesti gat e di ff erent  f abri c 
fi ni shes.  Thi s syst em i s wort h menti oni ng as t he first  known att empt  t o i ntegr at e an 
i nstrument ed sewi ng machi ne wi t h a comput er.  However,  t he syst em exhi bi t ed 
some short comi ngs;  fi rstly,  i nst ability of  t he strai n gauge,  l ocat ed t ransversel y t o t he 
axi s of  t he f abri c f eed di recti on;  secondl y,  t he 1000 r pm speed l evel  was i nsuffi ci ent 
t o expose t he f ull  needl e pi erci ng f orces;  and t hi rdl y,  t her e was no capabi lity t o 
measur e wi t hdr awal  f orces [ 12].  Besi des,  t he sewability t est ers whi ch has been 
conduct ed usi ng a strai n gauge att ached t o t he undersi de of  t he t hroat  pl at e 
gener all y yi el d compar at i ve needl e penetrati on f orces.  A cl arity of  f orces i s di ffi cult 
t o obt ai n because t he t hroat  pl at e i s subj ect ed t o addi ti onal  f orces f rom t he pr esser 
f oot.  Some wor kers have tri ed t o mi ni mi ze presser  f oot  i nfl uences by usi ng an 
al t ernat e f eedi ng mechani s m.  When t hi s appr oach i s used,  t he pr acti cal  val ue i s 
li mi t ed because of  t he al t erati on of  t he sewi ng syst em under  st udy.  Addi ti onall y, 
pr evi ousl y publi shed st udi es and sewability t est ers appear  t o be l i mi t ed i n t er ms of 
adequat e r esol uti on of  for ces at  hi gh sewi ng speeds,  l osi ng cl arit y at  2000 stit ches 
per mi nut e [ 1]. 
Si nce one of  t he i mportant  pr obl ems i n sewability i s f abri c damage,  anot her  ver y 
i nt eresti ng r esearch proj ect  by St yli os i s wor th outli ni ng.  I n 1986,  he st udi ed 
dynami c sewi ng f orces on t he sewi ng machi ne wi t hout  modi f yi ng i t s act i on ( unl i ke 
t he one devel oped i n Denkendorf  i n t he I nstit ut e for  Textil e Research).  An i ndustri al  
overl ock machi ne most  commonl y used f or  kni tted f abri cs was sel ect ed ( Ri mol di -
Ori on 627)  and strai n gauged at  t he t hr oat  pl at e (part  of  t he pl at e was convert ed t o a 
cantil ever,  t hr ough cut s i n t he pl at e i t self)  and on t he sewi ng needl e ( appl i ed 
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successf ull y f or  t he fi rst  ti me)  t o i nvesti gat e t he f orces acti ng upon t hem [ 67].  The 
top and undersi de par t  of  t he cantil ever  cont ai ned t wo pi ezo-resi sti ve semi -
conduct or  strai n gauges.  The t hr oat-pl at e cantilever' s nat ur al  frequency r esponse 
was 35 Hz.  I n t he l i ght  of  current  r esearch t rends,  t he f requency r esponse of  t he 
transducer  was t oo l ow,  whi ch l ed t o s moot hi ng of  t he si gnal  and t o t he ri sk of  some 
of  t he hi gher  frequenci es of  t he si gnal  bei ng mi ssed,  parti cul arl y i n an anal ysi s of  t he 
i nt eracti ons of  t he ot her  ki nemati c component s of  t he machi ne.  Each sewi ng cycl e 
was mar ked el ectroni cally usi ng a shaft  encoder.  The i nstrument ed sewi ng machi ne 
was i nt erf aced wi t h an I BM per sonal  comput er. The dat a acqui si ti on progr amme 
was wri tt en i n Language C.  The number  of  dat a poi nt s was 228 per  cycl e at  3220 
rpm.  The aut hor  cl ai med t hat  t he syst em was f ull y port abl e and coul d be used f or 
t esti ng ot her  machi nes.  However,  a doubt  exi st s over  t he r eli ability of  t he gauged 
needl e i n r epetiti ve measur ement s f or  commer ci al  appli cati ons.  Addi tional l y t he 
needl e penetrati on si gnal  was correl at ed wi t h a vi deo camer a f or  t he pur pose of 
moni t ori ng kni tt ed f abric damage.  The correl ati on of  t he pi ct ur es (t he needl e 
i nt eracti on wi t h t he f abric,  at  t he stitch f or mati on zone)  wi t h t he needl e penet r ati on 
f orces was accompli shed and t hi s exampl e showed t he possi bility of  moni t ori ng 
kni tt ed f abri c damage i n real -ti me.  It  was shown t hat  damage i s a f ri cti onal  pr obl em 
bet ween yar ns and t he mat eri al  of  t he sewi ng needl e and needl e pl at e.  The 
cl ampi ng of  yar ns i n f abri c depends upon f abri c fri cti onal  pr operti es and t hi s 
expl ai ned t he i mport ance of f abri c l ubri cati on i n reduci ng sewi ng damage [12, 67]. 
Ka mat a et. al.(1987),  st udi ed on cl arifyi ng t he gener ati on mechani s m of  t i ght eni ng 
t ensi on( wave)  on a  very l ow- speed sewi ng by a comput er  si mul ati on.  They used 
wi t h an i ndustri al si ngl e-needl e l ockstitch sewi ng machi ne, Janome DB- J704 [ 68]. 
I n 1988,  Matt hews and Littl e devel oped a measur i ng syst em t o capt ur e and anal yse 
f orces di rectl y encount ered by t he needl e bar  and pr esser  bar  fr om a hi gh speed, 
si ngl e needl e l ockstitch sewi ng machi ne i n Nort h Car oli na St at e Uni ver si t y.  The 
forces r ecor ded from t he needl e bar  r efl ect  t hose encount er ed by needl e penet r ati on 
and wi t hdr awal .  The f orces r ecor ded from t he presser  bar  ar e t hose transf erred by 
t he f eed dog as i t  advances t he f abri c each sewi ng cycl e.  A measuring syst em 
known as t he NCSU sewi ng dynamo met er  i s capabl e of  det ecti ng changi ng sewi ng 
par amet ers,  i ncl udi ng vari ati ons i n t he mat eri al  bei ng sewn,  i ncr easi ng pl i es of 
f abri c,  fri cti onal  f orces on t he sewi ng needl e,  and t he dynami cs of  t he f eedi ng 
syst em.  For ce t ransducers wer e mount ed di rect l y i nt o t he shaft  of  t he needl e bar 
and t he pr esser bar, as can be seen from Fi gur e 5. 4 [ 45]. 
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Fi gur e 5. 4 Sewi ng machi ne transducers 
The dat a wer e r ecor ded di rectl y t o a t wo- channel  r ecor di ng oscilloscope.  To 
st andar di ze t he r ecor di ng and f acilit at e t he pr ocessi ng of  wavef or ms,  dat a r ecor di ng 
was t ri gger ed by a si gnal  f r om t he needl e posi ti oner.  An X- Y pl ott er  was used t o pl ot 
t he di git al  i nf or mati on i n anal ogue f or m.  They chose t hr ee mat eri al s to i ll ustrat e 
dynami c f orces:  paper,  rubber  and deni m f abri cs (fi ni shed f abri cs).  Mat eri al s wer e 
t est ed i n one,  t wo,  t hr ee and f our  pli es at  sewi ng speeds of  4300 stitches per 
mi nut e.  Duri ng t hei r  study,  r esearchers subtract ed t he t race obt ai ned wi t hout 
mat eri al  under  t he needl e,  i . e.  i nerti a f orce onl y,  from t r aces obt ai ned by sewi ng 
ot her  t hr ee mat eri al s.  The r eason f or  t hat,  accor di ng t o t he aut hors,  was needl e 
bar’ s traces cont ai ni ng addi ti onal  t ensi on and compr essi on f orces because of 
accel er ati on and decel erati on of  t he r esi dual  mass of  t he needl e bar  and t he needl e 
bel ow t he t ransducer.  Fi gur e 5. 5 shows an enl arged t race of  t he f orces exert ed on 
t he needl e bar duri ng one sewi ng cycl e.  
 
Fi gur e 5. 5 Cri ti cal  poi nts observed duri ng needl e penetrati on and wi t hdr awal .  1-
nedl e at  t he t op of  cycl e, 2- poi nt  penetrati on,  3- eye penetrati on,  4- scarf  penetrati on, 
5-fri cti onal  f orces on t he shank,  6-  shoul der  of  t he needl e penetrat es,  7-l owest 
posi ti on i n t he cycl e,  8-mar ks t he change by i nerti al  by t he needl e bar, 9-fri cti onal  
f orces duri ng wi t hdr awal ,  10-scarf  wi t hdr awal ,  11- eye wi t hdr awal ,  12- poi nt 
wi t hdr awal  
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They f ound t hat,  needl e penetrati on and wi t hdr awal  f orces i ncr ease as t he nu mber 
of  pli es of  mat eri al  sewn i ncr eases and t hi s i ncr ease depends on t he pr operti es of 
t he f abri c.  Al so,  t hey i ndi cat ed t hat  f or  all  sampl es,  needl e penetrati on f or ces wer e 
gr eat er t han wi t hdr awal  for ces [ 49]. 
I n 1991,  Cat chpol e and Sar hadi  moni t ored t he t ensi on on t he t wo needl e t hr eads 
and t he l ooper  t hr ead of  an i ndustri al  chai nstitch sewi ng machi ne usi ng str ai n 
gauges and t he dat a r ecor ded usi ng an anal ogue-t o- di git al  convert er  and 68020 
based mi cr opr ocessor.  The dat a coll ect ed anal ysed t o i dentif y t he vari ati ons r el ati ng 
t o mi ssed stit ches.  The st udy ai med speci fi call y at  devel opi ng a means f or 
i dentifyi ng mi s-stitches as t hey occur.  Dependi ng on t he cost,  t he r esul ti ng syst em 
coul d be used as a quality control  devi ce f or  exi sti ng machi nes,  as a di agnosti c 
syst em f or  machi ne and thread troubl e-shooti ng or  as a moni t ori ng syst em f or  such 
fut ure aut omat ed syst ems.  The sewi ng machi nes used i n t hi s st udy were a pai r  of 
Ri mol di  B63 chai nstitch machi nes wi t h t wo needl es,  pr oduci ng a doubl e l i ne of 
stitches wi t h a common l ooper  t hr ead.  For  t hese reasons a new gauge set  based on 
pi ezoel ectri c cer ami c- gauges was bei ng built havi ng a much hi gher  nat ur al  
frequency.  The t ar get  f or t he si mpl e mi s-stitch detect or  was a syst em,  whi ch can be 
att ached per manentl y t o each of  t he sewi ng machi nes,  i n a medi um si zed gar ment 
f act ory,  and i t  must  t her efore be l ow- cost  and si mpl e t onmass- pr oduce.  Accor di ng t o 
t he aut hors,  t o use t he resul t s i n i ndustry,  a r eal -ti me syst em must  be devel oped t o 
handl e t he pr ocessi ng f or a machi ne runni ng at l east 6000 rpm [ 69]. 
I n 1991,  Li ttl e et. al.  studi ed on  t he i nfl uence of  f abri c pr operti es on sewi ng 
perf or mance,  especi all y t he f eedi ng of  pli es of  t extil e mat eri al s t hr ough a sewi ng 
machi ne.  Pf aff  463 dr op f eed l ockstitch sewi ng machi ne was equi pped wi t h hi gh 
dynami c r esponse transducers on t he pr esser  bar  and needl e bar. A Ki stl er 
pi ezoel ectri c l oad washer  was i nsert ed i n t he pr esser  bar  j ust  above t he presser  f oot 
mounti ng and a pr oxi mi ty sensor  was mount ed directl y above t he ext ended pr esser 
bar  on t op of  t he sewi ng head t o get  t he f eedi ng f orce wavef or ms and t he 
di spl acement  of  t he pr esser  bar.  The data acqui siti on syst em i s shown 
schemati call y i n Fi gur e 5.6.  The machi ne speeds used f or  tri al s wer e 163,  338,  619, 
1017,  2600,  3886 and 4600 r pm.  Pr esser  bar  di spl acement  and f orce wavef or ms 
wer e anal ysed bot h i n t he ti me and f requency domai ns t o eval uat e how mat eri al  
pr operti es coul d be used t o control  or  adj ust  machi ne setti ngs i n an aut omat ed 
appar el  envi ronment.  Feedi ng f orces wer e correlat ed wi t h f abri c pr operti es.  Pr esser 
f oot  bounce was shown t o depend on speed,  sewi ng combi nati on and t he pr operti es 
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of  t he mat eri al  bei ng stitched.  Pr esser  bar  di spl acement  and f orce wavefor ms wer e 
anal ysed t o eval uat e how mat eri al  pr operti es coul d be used t o control  or  adj ust 
machi ne setti ngs i n an aut omat ed envi ronment [ 50].  
 
Fi gur e 5. 6 Component confi gur ati on of t he NCSU sewi ng dynamo met er  
I n 1993 Bühl er  and Hennri ch construct ed a t est  ri g,  based on a doubl e l ockstit ch 
machi ne,  Pf aff  cl ass 483,  wi t h whi ch t he eff ect s of  t hr ead t ensi on,  needl e 
penetrati on f orce and t he hori zont al  and verti cal  pr esser  f oot  f orces on sewi ng, 
coul d be st udi ed.  A new devel opment  was t he presser  f oot  sensor  f or  converti ng t he 
mo ment ary pushi ng and pr essi ng f orces i nt o el ectri cal  si gnal s.  I mpr ovement s wer e 
al so made t o t he I TV needl e pl at e sensor  f or  measuri ng t he needl e penet rati on f orce 
and t he t hr ead,  t ensi on sensor  from Pf aff  f or  measuri ng t he t ensi on of  t he upper 
t hread,  enabli ng mi ssed stit ches t o al so be detect ed.  The di agr am of  the needl e 
penetrati on f orce r ecor der  i s seen i n Fi gur e 5. 7.  They carri ed out  t he t ests on kni tt ed 
f abri cs.  The f oll owi ng aspect s wer e consi der ed wi t h a vi ew t o moni t oring sewi ng 
machi nes by means of  sensors,  t aki ng i nt o account  i ndustri al  r equi rement s and 
st at e- of-t he- art t echnol ogy: t hread f eed, stitch f ormati on, f abri c f eed.  
The ai m was t o fi nd ways of  aut omati call y controlli ng t he machi ne f unctions usi ng 
t he measur ement  si gnal s i n or der  t o achi eve optimu m sewi ng duri ng f ull y aut omati c 
oper ati ons.  Anot her  obj ecti ve was t o moni t or  stitch f or mati on as r egar ds t he nat ur e 
and posi ti on of  t hr ead l oopi ng and l ayi ng,  so t hat  f ault s,  i n t he seam coul d be 
avoi ded.  The r esul t s of  t he measur ement s wer e anal ysed and di spl ayed usi ng an 
MS DOS compati bl e comput er.  A moni t or  and a pri nt er  wer e used f or  dat a out put 
[ 54]. Fi gur e 5. 8 shows t he arrangement of t he sewi ng t est equi pment. 
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Fi gur e 5. 8 Arrangement of t he sewi ng t est equi pment  
I n 1993 Ferr ei ra et. al  i nvesti gat ed t he si mul t aneous measur ement  of  bot h t he 
needl e t hr ead t ensi on and bobbi n t hr ead t ensi on i n t er ms of  t ensi on var i ati ons i n a 
stitch cycl e and how di ffer ent  f act ors aff ect  t hei r behavi our  [ 70].  And t hey defi ned 
the t hr ead t ensi on setti ngs,  based on t he measurement  of  peak t ensi ons,  accor di ng 
t o changes i n sewi ng paramet ers,  t o ensur e t he pr oducti on of  bal anced seams [ 71]. 
They showed t hat  t he bal ance of  t he seam was a f uncti on not  onl y of  bot h t he 
needl e and bobbi n t hr ead t ensi on val ues,  as was t raditi onall y beli eved,  but  al so of 
t he st age at  whi ch t he appr opri at e r el ati onshi p bet ween bot h t he needl e and t he 
bobbi n t hread t ensi ons occurs [ 66]. 
The t ensi on on t he needl e t hr ead duri ng a stit ch cycl e was measur ed on t he t hr ead 
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li ne bet ween t he t ake-up l ever  and t he needl e by sensi ng t he defl ecti on of  a 
cantil ever  beam usi ng bonded f oil  strai n gauges.  I n or der  t o measur e t he t ensi on of 
t he bobbi n t hr ead,  a cantil ever  beam was made t o support  t he strai n gauges and 
convert  t he vari ati on i n t ensi on i nt o a defl ecti on of  t he devi ce i n t he ar ea wher e t he 
strai n gauges wer e fi xed.  The cantil ever  beam usi ng bonded f oil  strai n gauges was 
fi xed i n fr ont  of  t he bobbi n case wher e t her e was a s mal l  gap bri dged by t he bobbi n 
t hread.  Si nger  Cent uri on l ockstitch sewi ng machi ne ( Si nger  121D300BA)  was used 
i n t he experi ment al  pr ogram.  The dat a coll ect ed i n t he experi ment s wer e pr ocessed 
usi ng t he mul ti pl e regr essi on t echni que [ 70]. 
I n 1994 Cl app et. al  st udied i n a pr oj ect  f unded by Nati onal  Textil e Centr e ( NTC)  on 
i nvesti gati ng new t echnol ogy whi ch coul d be used t o aut omati call y moni t or  sewn 
seams,  i ncl udi ng ski pped-stitches,  i ncorrect  t ensi ons,  seam al l owance vari ati ons 
and t he number  of  pli es sewn.  Thei r  obj ecti ve was t o att ach t o a sewi ng machi ne a 
‘ ‘bl ack box’ ’  whi ch woul d aut omati call y adj ust  t he sewi ng machi ne setti ngs i n r eal -
ti me t o opti mi se perf or mance.   Researchers st udi ed on devel opi ng an economi call y 
f easi bl e onli ne stitch quality moni t ori ng syst em.  Thi s t echni que utili zed commer ci all y 
avail abl e,  l ow- cost  pi ezoel ectri c transducers t hat  respond t o t he vi br ati on caused by 
t he t hr ead moti on.  The sensor  out put  was coll ect ed by a PC- based LI NUX dat a 
acqui siti on syst em and used t o st udy and model  t he f or mati on of  si ngl e ski pped 
stitches.  Peri odi c occurrences wer e i dentifi ed and attri but ed t o pr oper  stit ch 
f or mati on;  wher eas,  t he absence of  peri odi cit y i n such event s can si gnal  t he 
pr esence of  si ngl e stit ch def ect s and di agnose t hei r  causes.  I n an eff ort  t o model  t he 
needl e t hr ead moti on f or  a 401 chai nstitch sewn at  1800 r pm,  t hey f ound t hat  t he 
criti cal  porti on of  each stitch cycl e occurs as t he needl e t hr ead was pul l ed down 
through t he f abri c t o be j oi ned wi t h t he l ooper  t hread,  whi ch can be seen i n Fi gur e 
5. 9 Thi s f eat ur e was cl earl y absent  i n Fi gur e 5. 10,  whi ch i ll ustrat es t he occurr ence 
of  a si ngl e ski pped stit ch over  f our  stit ch cycl es.  Thi s def ect  was vi suall y confi r med 
on t he sampl e [ 4]. 
 
Fi gur e 5. 9 Four pr operl y f or med chai nstitches 
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Fi gur e 5. 10 A ski pped stitch over f our stitch 
 
I n 1995 Por at  et. al.  devel oped an opti cal  syst em,  ot her  t han dynami call y moni t ori ng 
t he t hr ead t ensi on,  t o det ect  mi s-stitch(ski p st itch)  as i t  occurs on chai nstit ch 
machi nes.  A si ngl e needl e chai nstitch sewi ng machi ne ( 401 stit ch t ype)  was 
sel ect ed f or  t he st udy.  And t hey st udi ed wi t h kni tted f abri cs.  I n t he syst em decri bed, 
a fi ber  opti c pr obe used as a fl exi bl e l i ght  gui de t o t r ans mi t  t he l i ght  t o t he l ooper  and 
coll ect  t he r efl ect ed l i ght  from t he l ooper  surf ace.  The amount  of  r eflect ed l i ght 
i ndi cat ed t he pr esence or  absence of  needl e t hr ead l oop on t he l ooper  (in pr acti ce 
t he gr eat  maj orit y of  mi sstitches wer e caused by t he l ooper  f aili ng t o ent er  t he l oop 
of  t he needl e t hr ead t railing f rom t he needl e eye as t he needl e ri ses).  The anal ogue 
si gnal  pr oduced by a phot odet ect or  and ampl ifi cati on ci rcuitry was r ead t hr ough an 
i nt erf ace boar d cont ai ning an 8 bi t s A/ D convert er.  Dat a on t he machi ne posi ti on 
was deri ved f rom pul ses gener at ed by an opti cal  s wi t ch connect ed t o a sl ott ed di sc 
l ocat ed on t he sewi ng machi ne dri ve shaft.  These pul ses pr ovi ded an accur at e 
wi ndow i n whi ch t he t hr ead pr esence was checked.  The a mpl it ude and shape of  t he 
si gnal  of  t he patt er n was di ff erent  f or  mi sstitch and pr operl y f or med stit ches,  as seen 
from t he Fi gur e 5. 11.  The l ens housi ng was i nser ted t hr ough a hol e drill ed under  t he 
t hroat  pl at e so t hat  t he li ght  beam coul d be pr oj ect ed per pendi cul ar  t o t he t ar get 
resul ti ng i n maxi mum r eflecti on.  The f ed dog was sli ghtl y modi fi ed t o all ow cl ear  l i ght 
pat h.  Experi ment s wer e done at  2100 r pm and 6500 r pm and syst em pr oved i t s 
reli ability [ 30]. 
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Fi gur e 5. 11 Li ght refl ection patt ern wi t hi n a wi ndow r ecor ded at 2100 spm 
In 1995 Ami r bayat  et. al.  i nvesti gat ed t he combi ned eff ect s of  machi ne variabl es and 
compr essi onal  par amet ers of  kni tt ed f abri cs on seam shri nkage and t hr ead 
consumpti on duri ng chai n-stitch,  t ype 401,   sewi ng.  They al so di scussed t he f act ors, 
whi ch aff ect  t he dynami c peak,  aver age t hr ead tensi on and t he movement  of  t he 
pr essur e bar.  For  t hi s pur pose,  a Ri mol di  si ngl e-needl e machi ne was used.  Duri ng 
sewi ng,  t he dynami c t hread t ensi ons wer e moni tor ed by a strai n-gauged cantil ever 
ar m and t he verti cal  di spl acement s of  t he pr esser  bar  wer e measur ed by usi ng a 
Hal l -eff ect  posi ti on sensor.  But  t hey di dn’ t  anal yse t he subj ect  deepl y. They j ust 
moni t or ed about t hi s subj ect as an appendi x [ 72]. 
I n 1995,  Ch mi eowi ec  studi ed on t o si mul t aneousl y measur e needl e t hr ead t ensi on, 
needl e penetrati on f orces,  pr esser  f oot  di spl acement  and pr esser  f oot  pressur e i n 
real  ti me.  The syst em was devel oped i n Hong Kong Pol yt echni c Uni ver si t y and 
pr esent ed as a PhD t hesi s i n Leeds Uni versit y.  I n 1995.  He i nstrument ed a si ngl e 
needl e Pf aff  563 machi ne wi t h tr ansducers.  Sewi ng speed was up t o maxi mu m of 
5500 r pm.  He gave t he name ‘ RSTM’  ( whi ch st ands f or  Ri char d’ s Sewability Testi ng 
Met hod)  t o t hi s t est er.  He al so devel oped a seam pucker  measur ement  syst em 
usi ng di git al i mage pr ocessi ng [ 12]. 
I n 1996,  Dorrity and Ol son i n Geor gi a I nstit ut e of  Technol ogy,  st udi ed on t hr ead 
moti on r ati o ( TMR)  t o moni t or  sewi ng machi nes.  TMR was defi ned as ti me of  t hr ead 
moti on over  t ot al  si ngl e sewi ng cycl e ti me.  Accor di ng t o t hei r  wor k,  ti me of  moti on of 
t hread i s r el at ed t o stit ch l engt h at  const ant  speed and stit ch l engt h gener all y i s a 
good i ndi cat or  of  stitch qual ity.  To measur e t hr ead consumpti on wi t h ti me of  moti on, 
a pi ezo- el ectri c transducer  was used.  They used 301, 406 and 504 stitch t ypes. 
Experi ment s wer e done on deni m f abri cs [ 73]. 
I n 1996,  Al agha et. al,  i n UMI ST,  st udi ed on t he eff ect  of  sewi ng vari abl es and f abri c 
par amet ers on t he shrinkage of  chai nstitch seams sewn by t wo di ff erent  t hr ead 
feedi ng syst ems:  conventi onal  and posi ti ve f eed met hods.  They st udi ed wi t h kni tt ed 
f abri cs t hr ough t hei r  experi ment s on a si ngl e needl e doubl e chai nstitch Ri mol di  
machi ne ( 401 stit ch t ype).  Duri ng t he seam const ructi on,  t he dynami c t hr ead t ensi on 
was moni t or ed by usi ng a strai n-gauged cantil ever  ar m and a bri dge ci rcui t.  The 
mean of  t he hi ghest  peak t ensi on was cal cul at ed f or  each sampl e.  The presser  f oot 
hei ght  from t he t hr oat  pl at e was al so dynami cally measur ed.  Consi deri ng t he eff ect 
of  machi ne speeds on peak needl e t hr ead t ensi on and eff ecti ve f abri c t hi ckness 
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under  t he pr esser  f ood,  they t ri ed t o j ustify t he use of  t he t hr ead f eed variati on as a 
means of a f abri c shri nkage control [ 74]. 
I n 1996,  Zet o et. al.  descri bed a comput er-based sewability t esti ng syst em i nst all ed 
on i ndustri al  l ockstitch and overl ock stit ch sewi ng machi nes.  Thi s t est er  was t he 
same but  t he modi fi ed versi on of  Ch mi el owi ec’ s syst em i n Hong Kong Pol yt echni c 
Uni versit y.  The syst em used commer ci al  har dwar e and devel oped soft war e t o 
acqui re and anal yse t he coll ect ed si gnal s of  needl e t hr ead t ensi on,  presser  f oot 
di spl acement,  pr esser  foot  pr essur e,  and needl e penetrati on/ wi t hdr awal  f or ces.  I n 
t hi s wor k,  t hey i nvesti gated sewi ng pr ocess dynami cs and sewi ng penetrati on f orces 
usi ng a comput er-based syst em i nst all ed on i ndustri al  l ockstitch ( Pf af f  563)  and 
overl ock stitch ( Mauser  speci al  L52- 54)  sewi ng machi nes.  The eff ect s of  sewi ng 
speed,  needl e si ze,  and the number  of  pli es of  a f abri c sewn t oget her  on vari ati ons 
i n measur ed needl e penetrati on and t hei r  r ol e i n sewi ng damage wer e i nvesti gat ed. 
The sewi ng perf or mance from t he ti me-frequency r esponse of  needl e penet r ati on 
f orce was measur ed.  The schemati c di agr am of  t he experi ment al  uni t  i s shown i n 
Fi gur e 5. 12.  
 
 
Fi gur e 5. 12 A schemati c di agr am of t he experi ment al sewability unit 
The mi cr opr ocessor-based dat a acqui siti on and anal ysi s syst em captur ed f our 
anal og si gnal s from t he transducers ( pi ezo- el ectri c Ki stl er  quart z l oad washer,  t ype 
9001 A)  mount ed di rectly ont o t he shaft  of  t he needl e bar  of  t he sewi ng machi ne.  
Anal og si gnal s wer e convert ed t hr ough t he dat a t ransl ati on boar d t o di gi t al  f or ms at 
a t hr oughput  r at e of  750 KHz.  Thr ee di ff erent  needl e number s,  t hr ee f abri cs and 500 
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t o 5000 r pm sewi ng speed i n st eps of  500 rpm wer e t he par amet er s of  t he 
experi ment s.  Observati ons,  based on a l i mi t ed number  of  experi ment al  vari abl es, 
i ndi cat ed t hat  penetration and wi t hdr awal  f orces wer e si gnifi cantl y af f ect ed by 
sewi ng needl e si ze and,  t o a l i mi t ed ext ent,  by t he number  of  pli es sewn t oget her. 
They al so concl uded t hat  bot h penetrati on and withdr awal  f orces r ose l i nearl y wi t h 
machi ne speeds above 2000 r pm.  Furt her mor e,  t he magni t ude of  penet rati on and 
wi t hdr awal  f orces was simi l ar over t he entire range of sewi ng speeds [ 75]. 
I n 1996 Rocha et  al .,  i n Uni versit y of  Mi nho,  ai med t o make i t  possi bl e t o under st and 
the dynami cs of  sewi ng at  t he vari ous i nt erf aces ( sewi ng t hr ead/f abri c,  sewi ng 
t hread/ sewi ng machi ne,  fabri c/ sewi ng machi ne)  and t o devel op a comput er  pr ogr am 
and adequat e har dwar e t o control  t he sewi ng operati on t hr ough an " on-li ne adapti ve 
control  syst em".  I n addi ti on,  t he equi pment  coul d al so be used t o devel op sewi ng 
specifi cati ons,  f or  qui ck set  up,  and t o t est  sewability.  They i nstrument ed a Si nger 
overl ock sewi ng machi ne model  882 U by putti ng mi ni at ur e pi ezoel ectri c 
transducers ( wor ki ng i n compr essi on)  on t he presser-f oot  and needl e bar s,  and 
el ectri c f oil  strai n gauges ( wor ki ng i n bendi ng)  on t he needl es and l ooper  t hr ead 
pat hs.  Fi gur e 5. 13 shows  t he needl e bar  tr ansducer  arrangement.  Adj ust ment  of 
t hread t ensi ons and pr esser  f oot  pr essur e was done wi t h mi ni at ur e st eppi ng mot ors. 
To t reat  t he si gnal s capt ur ed by t he t ransducers bef or e t hey ar e sent  t o t he 
comput er  f or  pr ocessi ng,  t hey devel oped a si gnal  condi ti oni ng syst em.  A dat a Lab 
PC+ dat a acqui siti on board. Thei r sampl e frequency was 83. 3 KHz  
 
 
Fi gur e 5. 13 Needl e bar  t ransducer  arrangement:  (1)  needl es bar,  ( 2, 3)  i nserti ons t o 
transducer positi oni ng, (4) pi ezoel ectri c transducer, (5) pre-t ensi on scr ew.  
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They anal ysed t he perfor mance of  t he f eedi ng and stit chi ng syst ems by sewi ng 
fabri cs,  maj orit y of  t hem wer e kni tt ed f abri cs,  wi t h di ff erent  mechani cal  and 
struct ur al  pr operti es and correl at ed t hem with t he measur ed f orces.  They 
det er mi ned t he parti cul ar wavef or ms char act eri stic of  sewi ng f aul t s.  The r esear cher s 
f ound t hat,  needl e penet rati on and wi t hdr awal  f orces ar e gr eatl y i nfl uenced by t he 
char act eri sti cs of  t extil e mat eri al s bei ng pr ocessed ( such as t hi ckness,  cover  and 
fri cti on)  and t hei r  fi ni shi ng st at es.  Fi gur e 5. 14 shows  t he eff ect  of  dyest uff  on needl e 
penetrati on and wi t hdr awal  f orces.  By usi ng adapti ve control  syst em,  t hey al so 
controll ed pr esser f oot compr essi on f orce and sewi ng t hr ead t ensi ons [ 59,  60]. 
 
 
Fi gur e 5. 14 Eff ect  of  dyest uff  on needl e penetration and wi t hdr awal  f orces,  ( a)  dar k 
red,  f abri c damage,  ( b)  li ght  r ed,  f abri c damage,  (c)  bl ue,  good perf or mance,  ( d) 
bl ack,  good perf or mance.  Jersey f abri c of  50 %cotton 50 %r ayon,  K=17,  30 Ne,  150 
g/ m2 mass, dyed wi t h reacti ve dyes and fi ni shed wi t h 20% soft ener  
Gotli h measur ed t he sewi ng needl e penetration f orce i n 1997,  i n Uni versit y of 
Mari bor.  A mat hemati cal  model  f or  t he det er mi nati on of  t he sewi ng needl e 
penetrati on f orce was devel oped and t he r esul ts wer e compar ed wi t h measur ed 
val ues f or  t he chosen fabri c,  sewi ng needl e and sewi ng machi ne.  The sewi ng 
needl e penetrati on f orce was measur ed on t he Br ot her  EXEDRA DB2- B737- 913 
Mar k II  sewi ng machi ne.  The measuri ng devi ce was construct ed wi t h strai n gauges. 
The r esul t s wer e shown as a pri nt  from t he HP 54501A di git al  oscill oscope wi t h t he 
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pri nt er  HP 2225.  The measuri ng was done wi t h t he sewi ng machi ne shaft  speed ω= 
47. 59 r d/ s.  The pri nt  of  t he measur ed sewi ng needl e penetrati on f orce as t he 
f uncti on of  ti me i s shown i n Fi gur e 5. 15 f or  warp di recti on seam.  The maxi mu m 
val ue,  f or  100 % cott on pl ai n- woven f abri c ( war p densi t y:  29, 5 war p/ c m;  weft  densi t y: 




Fi gur e 5. 15 The measured sewi ng needl e penet rati on f orce f or  seam i n t he war p 
di recti on  
I n 1998 Mal l et  and Du used Fi nit e El ement  Model  ( FEM)  t o st udy t he sewi ng 
pr ocess.  I n t he model ,  the f abri c was appr oxi mat ed by a number  of  perpendi cul ar 
beam el ement s wi t h el asti c and pl asti c capabilities.  On t he ot her  hand,  the needl e 
was modell ed by a si mpl e el asti c beam.  The variati ons of  t he needl e geomet ry and 
the f abri c mat eri al  pr operti es as wel l  as t he sewi ng condi ti ons wer e al so i ncl uded i n 
t he model .  The model  coul d si mul at e t he needl e pi erci ng t hr ough a mat eri al ,  and 
cal cul at ed t he sewi ng f orces as wel l  as t he f abri c def or mati on f or mi ng a hol e.  It  has 
been verifi ed experi mentall y and coul d be used t o st udy t he eff ect s of  t he key 
sewi ng par amet ers such as t he f abri c mat eri al  properti es and t he needl e geomet ry. 
The experi ment al  st udy was done by Gao i n t he Uni versit y of  Wi ndsor  i n 1998 and 
thi s st udy was pr esent ed as an MSc t hesi s.  To measur e t he sewi ng f orce,  a speci al 
sensor  was desi gned as shown i n Fi gur e 5. 16.  The sensor  was a pi ezoel ectri c strai n 








Fi gur e 5. 16 Ill ustrati on of t he sewi ng f orce sensor  
It  was f ound t hat  t he poi nt  angl e vari ati ons di d not  change t he ti p pi erci ng f orce. 
However,  t he shar per  t he needl e,  t he s mal l er  t he needl e cutti ng f orce because t he 
hol e was enl ar ged mor e sl owl y.  The fri cti on f orce i s pr oporti onal  t o t he poi nt  angl e 
because t he f abri c has experi enced a l ess pl ast i c def or mati on wi t h sharp needl es. 
Fi gur e 5. 17 shows a t ypi cal  sewi ng f orce accordi ng t o t he si mul ati on.  Fr om t he 
fi gur e,  i t  i s seen t hat  t he sewi ng f orce consi st s of  t hr ee component s:  t he needl e ti p 
f orce,  t he cutti ng f orce (gener at ed by t he coni c porti on of  t he needl e),  and t he 
fri cti on f orce.  Each component  has i t s own char act eri sti cs.  For  exampl e,  the needl e 
f orce i s an i mpul se of  about  5N t hat  di sappears aft er  t he needl e cut s t hrough t he 
mat eri al.  The cutti ng f orce i s about  1. 5N and has a l i ttl e t ail  correspondi ng t o t he 
wi t hdr awal  of  t he needl e.  The f ri cti on f orce can be f urt her  decomposed i nt o t wo 
part s.  The fi rst  part  i s about  0. 7N,  correspondi ng t o t he needl e pi erci ng t hrough t he 
f abri c.  The second part  i s s mal l er,  correspondi ng t o t he needl e wi t hdr awi ng because 
the hol e has been f or med.  Fi gur e 5. 18 shows a t ypi cal  sewi ng f orce si gnal  col l ect ed 
from t he sensor,  because of  t he sensor  set  up,  t he si gnal  i s r eversed when 
compari ng t o t hat  i n Fi gure 5. 17.  The maxi mum needl e penetrati on f orce was f ound 





Fi gur e 5. 17 A t ypi cal sewi ng f orce consi sti ng of thr ee component s  
 
Fi gur e 5. 18 A t ypi cal sewi ng f orce sensor  
In 1998 Carvalho et.al., i n Uni versit y of  Mi nho,  descri bed t he devel opment  of 
sewi ng t est  i nstrument  used on t he assess ment  of  r el ati onshi ps bet ween sewi ng 
machi ne set-up,  mat eri al  and t hr ead pr operti es,  and gener al  sewi ng condi ti ons wi t h 
t he effi ci ency and quality of  t he seams.  An i ndust ri al  t hr ee-t hr ead overl ock machi ne 
was equi pped wi t h vari ous sensors and devi ces,  t he same machi ne used i n 1996 by 
Rocha et. el.  It  was connect ed t o a commer ci al  dat a acqui siti on boar d i n a PC.  A 
soft war e pr ogr am devel oped i n LABVI EW suppli ed dat a acqui siti on. Thread t ensi on 
was measur ed by cust om speci fi ed strai n gauge based sensors i ntroduced i nt o t he 
t hread pat hs.  Thr ead consumpti on,  cl osel y r el at ed t o correct  stit ch geometry and t o 
t he t hr ead t ensi on,  was measur ed by di git al  encoders.  To eval uat e t hi s eff ect,  a 
pi ezoel ectri c sensor  was bui lt  i nt o t he needl e- bar shaft.  The sensor  not  onl y pi cked 
up t he f orces r esul ti ng on t he needl e- bar  fr om the i nt er acti on bet ween the needl e 
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and t he f abri c,  but  al so t he undesi red component s of  needl e- bar  accel erati on and 
thread f orces.  The si gnal s had t o under go a filt ering st age t o esti mat e t he val ues of 
needl e penetrati on and wi t hdr awal  f orces.  The measur ement  of  t hese f orces made i t 
possi bl e t o compar e di ffer ent  needl e t ypes and wi dt hs or  di ff erent  f abri c f i ni shi ng 
pr ocesses.  Research was bei ng undert aken i n order  t o est abli sh strat egi es t o det ect 
wor n- out  or  def ecti ve needl es i n r eal -ti me,  avoi ding mat eri al  damage ( burst ed yar ns 
or  struct ur al  di st orti on i n t he sewn f abri cs).  Machi ne speed was 2050 st itches per 
mi nut e ( spm).  Fi gur e 5. 19 shows t he f orce on t he needl e bar  gener at ed duri ng t wo 
compl et e stit ch cycl es wi t h t he machi ne oper ati ng unt hr eaded,  wi t h a medi um-
wei ght deni m f abri c (solid) and wi t hout f abri c (dashed).  
 
 
Fi gur e 5. 19 For ce on needl e bar  at  2050 spm,  wi t h medi um- wei ght  deni m ( soli d) 
and wi t hout f abri c (dashed)  
The eff ect  of  needl e penetrati on i s cl earl y vi si bl e i n peaks 1 and 2.  Peak 1 
corresponds t o a f orce gener at ed at  t he fi rst  contact  of  t he needl e ti p wi t h t he f abri c. 
Peak 2 i s gener at ed when penetrati on occurs and t he eye and bl ade of  t he needl e 
passes t hr ough t he f abric struct ur e.  Peak 3 i s t he eff ect  of  needl e wi t hdrawal ,  an 
i nvent ed peak,  gener all y wi t h a l ower  magni t ude t han 1 and 2.  Fi gur e 5. 20 shows 




Fi gur e 5. 20 Needl e penetrati on si gnal  aft er  subtracti on.  Phase 1:  fi rst  cont act  of 
needl e ti p, Phase 2: penetrati on of eye and bl ade  
They f ound t hat  all  of  the cal cul at ed val ues present  a gr eat  vari ability.  Di ff er ent 
needl es and diff erent materi al s wer e f ound det ectabl e.  
To eval uat e t he effi ci ency of  t he f eedi ng syst ems,  t he f orce on t he pr esser-f oot  was 
measur ed by means of  a pi ezoel ectri c sensor.  Its verti cal  di spl acement  was sensed 
by an LVDT.  The pr esser-f oot  movement,  as st udi ed i n,  had i deall y onl y one 
el evati on,  r esul ti ng f rom t he verti cal  movement  of  t he f eed dog.  At  hi gh speeds, 
t hough,  a second,  undesi red el evati on was pr oduced ( by pr esser  f oot  bounci ng) 
whi ch had t o be car ef ully observed.  Hi gh peak val ues of  t he pri mar y and second 
pr esser-f oot  el evati on resul t  i n l oss of  control  of  t he f abri c,  and consequentl y 
irregul ar  seams.  It  had been f ound t hat  cert ai n r ati os of  t hese peak val ues wer e 
i mport ant  cl assifi ers f or  correct  stitch f or mati on.  Def ect s l i ke ski p stit ches ( when a 
stitch does not  compl et el y f or med),  di st ort ed stitches ( spont aneous def or mati on of 
t he stit ch geometry),  t ensi on vari ati on and i ncorrect  bal anci ng,  among ot her  def ect s, 
wer e easil y det ect ed [ 2, 76]. 
I n 1998 Sundar esan et. al,  st udi ed on t he r educti on i n fi bre strengt h and t he da mage 
i nfli ct ed on fi bres duri ng hi gh speed sewi ng on a Si nger  i ndustri al  l ockstit ch 
machi ne,  model  191D200AA at  a speed of  4000 r pm.  The dynami c needl e t hr ead 
tensi on was measur ed by usi ng a semi -conduct or  strai n-gauge based t ensi on 
met er.  The t ensi on pr obe was i ntroduced bet ween t he t ake- up l ever  and needl e j ust 
above t he needl e bar.  The i nstrument  was i nt erfaced t o a 386 per sonal  comput er  t o 
enabl e dat a acqui siti on t o be achi eved f or  75 stitches conti nuousl y.  They found t hat 
dynami c l oadi ng has a great  i nfl uence on fi bre st rengt h.  They al so di d t ensil e t est s 
on t he fi bres extract ed from t he par ent  and sewn t hr eads on an I nstron Tensil e 
 70 
Test er  and compar ed t hese val ues wi t h t he average speci fi c peak-t ensi on val ues 
cal cul at ed from t he dynami c t ensi on dat a [ 77]. 
I n 1999,  Ferrei ra et. al., st udi ed on t he f eedi ng syst em of  an i ndustri al  Si nger 
overl ock sewi ng machi ne.  They i nstrument ed a Si nger  overl ock sewi ng machi ne, 
model  882U,  whi ch was i nstrument ed i n Uni versity of  Mi nho.  The dat a acqui si ti on 
har dwar e used i n t hi s study consi st s of  a LAB- PC+ dat a acqui siti on board pl ugged 
to a Penti um PC.  The soft war e used t o ease t he acqui siti on,  stor age and 
vi suali sati on of  t he di ffer ent  si gnal s acqui red,  usi ng t he Nati onal  I nstrument s 
LabVI EW gr aphi cal  pr ogr ammi ng l anguage.  They st udi ed wi t h kni tt ed f abri cs [ 31, 
76]. Fi gur e 5. 21 shows the sewi ng machi ne equi pment.  
 
 
Fi gur e 5. 21 The Si nger overl ock sewi ng machi ne,  model  U882 
Fr ee ungui ded LVDT ( with el ectroni cs t o pr ovi de a DC out put  pr oporti onal  t o t he 
di spl acement)  was used f or  r eal -ti me moni t ori ng t he movement  of  t he presser  f oot 
bar  Thi s devi ce,  t oget her  wi t h a pi ezoel ectri c f orce t ransducer  pl aced on t he same 
bar,  wi ll  per mi t  f urt her  underst andi ng of  t he f eedi ng syst em dynami cs duri ng hi gh 
speed sewi ng.  Di ff erent  machi ne speeds wer e used:,  186,  2077,  2810 and 465 
stitches per  mi nut e ( spm).  Fi gur e 5. 22 shows t he gener al  vi ew of  t he t ransducer s 





Fi gur e 5. 22 Gener al  vi ew of t he transducers arrangement  
I n 1999,  Car val ho and Ferr ei ra moni t ored t hr ead t ensi on and t hr ead consumpti on, 
pr essur e f oot  f orce and di spl acement  and needl e penetrati on f orces on t he same 
three-t hread overl ock sewi ng machi ne i n t he same uni versit y [ 78]. 
I n 1999,  Si l va et. al  devel oped a new act uati on syst em att ached t o t he presser  f oot 
bar  of  t he same i ndustrial  overl ock sewi ng machi ne,  t o r epl ace t he helical  spri ng. 
Accor di ng t o t he pr esser  bar  di spl acement  and compr essi on f orce wavef or ms 
gai ned f rom measuri ng uni t,  i t  coul d be possi bl e t o achi eve t he desi red presser  f oot 
dynami c behavi our  at  all sewi ng speeds [ 79].  Thi s st udy pr ovi ded t he basi s f or  t he 
devel opment of a redesigned and opti mi sed f abric f eedi ng syst em [ 80]. 
I n 1999,  Ar ai  and Akami  measur ed t he strai n of  the t ensi on spri ng pr oduced by t he 
bobbi n t hr ead i n a sewi ng machi ne,  i n Tokyo Kasei  Uni versit y.  To overcome t he 
di ffi cult y due t o t he i ntri nsi c mechani sm of  l ockstitch f or mati on,  a pai r  of 
i nt er mi tt entl y wor ki ng of  br ush-t er mi nal  combi nati ons was att ached t o t he body of 
t he bobbi n case t o est abli sh t he bri dge ci rcuit  i n a measuri ng syst em [ 81].  I n t he 
experi ment s,  t he l at ch of  t he bobbi n case had been r emoved i n or der  t o est abli sh 
t wo pai rs of  i nt er mi tt ent  br ush-t er mi nal  cont act s on t he l i mi t ed space of  a bobbi n 
case.  However,  t hi s caused an i nevit abl e f act or  of  unst abl e sewi ng at  speeds hi gher 
t han 700 r pm.  I n t he second seri es of  t hi s subj ect,  t he aut hors modi fi ed t he syst em 
to att ai n sewi ng speeds up t o 1900 r pm.  They f ound t hat,  t he ti ght eni ng t ensi on of 
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bot h needl e and bobbi n t hr eads wer e measured si mul t aneousl y during stit ch 
f or mati on usi ng t hei r  syst em.  Duri ng t hi s oper at i on,  t he out put  of  t he gage bri dge 
was recor ded by a dat a-anal yser as shown i n Fi gur e 5. 23 [ 82]. 
 
Fi gur e 5. 23 Bl ock di agram f or  si mul t aneous strai n det ecti ng syst em:  1-st andar d-
vol t age suppl y,  2- controll er;  3- AC ser vo- mot or,  4- phot o sensor,  5- cantil ever.  6-
bobbi n case wi t h strai n gage;  7- 8- amplifi er;  9-transi ent  r ecor der;  10- data- anal yser, 
transi ent recor der and dat a- anal yser are changed when necessary  
I n 2000,  Kennon and Hayes i n Uni versit y,  of  Manchest er  I nstit ut e of  Sci ence and 
Technol ogy,  i nvesti gat ed t he stit ch f or mati on pr ocess of  a l ockstitch machi ne ( Pf aff, 
model  463)  wi t h t he ai d of  transducers t hat  f acilit at e r eal -ti me moni t ori ng of  t he 
sewi ng cycl e.  The dynami c needl e-t hr ead t ension was moni t or ed at  t he sewi ng 
speed of  1406 spm by usi ng a l oad- cell  mounted i n t he t hr ead pat h bet ween t he 
eye of t he sewi ng needl e and t he eye of t he t ake-up l ever [ 20]. 
5. 3. 1 I nt egrat ed Co mput er- Based Sewability Measuri ng Syst e ms Usi ng 
Machi ne Lear ni ng Techni ques 
Textil e mat eri al s ar e a cat egory of  l i mp mat eri als t hat  we use due t o t hei r  i nher ent 
ease of  conf or mi ng i nto t hr ee- di mensi onal  surfaces even when under  dynami c 
confi gur ati on such as weari ng of  cl ot hi ng.  Textil e f abri cs ar e compl i cat ed struct ur es, 
made of  di ff erent  nat ural  and man made mat eri al s,  and under go a vari et y of 
pr ocesses,  whi ch pr ovide t hem wi t h f uncti onal  and aest heti c pr operties t o f ul fil 
consumer  demands.  They ar e i nhomogeneous and di ffi cult  t o defi ne as engi neeri ng 
struct ur es.  Al t hough t here has been a l ot  of  r esearch i n t he l ast  10 years deal i ng 
wi t h est abli shi ng t hei r  most  i mport ant  pr operti es, t hei r  magni t udes and t hei r  met hod 
of  measur ement,  t her e i s very l ittl e on r el ati ng and i nt er pr eti ng t hese properti es i n 
t he manuf act uri ng cont ext.  Al t hough pr ocessi ng machi nery f or  t extil e fi bres,  yar ns 
and f abri cs has been devel oped,  and we ar e abl e t o mi mi c struct ur es such as t he 
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surf ace and t ext ur e of  butt erfl y wi ngs or  peach ski n or  t o pr oduce artifi cial  si l k and 
l eat her,  very f ew si gni fi cant  advances have been made i n t he manuf act ure of  t hese 
struct ur es f or appar el end uses such as cl ot hi ng, f urni shi ngs, et c.  
Despi t e eff ort s t o fi nd a bett er  and easi er  means of  j oi ni ng t extil e f abri cs, stitchi ng. 
wi t h a needl e and t hread has survi ved f or  cent uri es usi ng an i ngeni ous but 
i nher entl y i nadequat e f or  moder n manufact uri ng pr oducti on mechani cal  
arrangement:  t he sewi ng machi ne.  The basi c engi neeri ng desi gn of  t he sewi ng 
machi ne has not  changed si nce t he 17t h  cent ury despi t e enhancement s i n 
mot ori sati on,  speeds and vari ous add- on devi ces.  Sewi ng t hr ead t ensi ons and 
feedi ng f orces ar e al ways di ff erent  f or  t he many stitch t ypes,  f or  every f abri c t o be 
stitched,  f or  di ff erent  desi gns and at  di ff erent  sewi ng speeds.  The operat or' s skill 
i ncreases t he compl exit y of  t hose syst ems.  These ci rcumst ances,  i f  t o be eff ecti vel y 
model l ed,  need new t hi nki ng,  new met hodol ogy and non-conventi onal  appr oaches 
for provi si on of eff ecti ve sol uti ons.  
The possi bility of  setti ng up t he sewi ng machi ne aut omati call y accor di ng t o t he 
f abri c t o be sewn i s now,  a f easi bl e pr oposi ti on,  and i t  r enders t hi s new gener ati on 
of  "i nt elli gent  sewi ng machi nes"  i rrepl aceabl e f or  qui ck r esponse t echnol ogy.  I n 
addi ti on,  t he perf or mance of  di ff erent  needl es and f eedi ng and sti t chi ng 
mechani s ms can be eval uat ed,  and t he i nt er pret ati on of  wavef or ms may l ead t o 
bett er  machi ne,  f abri c,  and sewi ng t hr ead desi gn.  The on-li ne appr oach t o adj usti ng 
t he sewi ng machi ne accor di ng t o f abri c pr operti es and behavi our  i s expect ed t o 
reduce t he eff ort  spent  testi ng mat eri al s,  t her ef ore i mpr ovi ng t he over all  effi ci ency of 
t he i ndustry [ 59, 60]. 
The defi niti on of  an i nt elli gent  envi ronment  i n t he t extil e and appar el  cont ext  may be 
one t hat  i s abl e t o det ermi ne syst emati call y t he pr operti es of  r aw mat erial s ( yar n or 
f abri c),  pr edi ct  eff ecti vel y t hei r  ability t o be manuf act ur ed i nt o a gar ment 
(sewability/t ail orability),  det er mi ne fit  of  cert ai n crit eri a fr om t he mat eri al  pr operti es 
on r e- engi neeri ng,  opti mi se fi nall y pr oducti on machi nery pr ocess setti ngs effi ci entl y, 
and enabl e sel f-l ear ni ng so t hat  t he syst em can l ear n from i t s own exper i ence.  For 
an i nt elli gent envi ronment, t her ef or e, one requi res t he f oll owi ng syst ems:  
o A f abri c measur ement  syst em:  For  measurement  of  t he pr operties whi ch 
char act eri ze t he mechani cal  behavi our  of  f abrics under  l ow stress,  equi val ent  t o 
t hose under  pr ocessi ng and wear.  These pr operti es constit ut e t he so-called ‘ ‘geneti c 
fi nger pri nt’ ’  of  a gi ven f abri c and ar e as f oll ows:  t ensil e,  shear  hyst er esi s,  bendi ng, 
t hi ckness,  compr essi on and surf ace pr operti es.  Fr om t hese measur ement s many 
usef ul  par amet ers can be cal cul at ed whi ch may,  consequentl y,  defi ne t he 
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perf or mance of  t he f abri c and i t s i nt er acti on wi t h t he machi nery duri ng t he 
pr oducti on pr ocess.  Di ffer ent  f abri c t ypes have a number  of  t hese pr operti es and 
thei r par amet ers ar e more pr edomi nant t han ot hers. 
o Sewability/  t ail orability pr edi cti on syst em:  Thi s syst em i s based on modelli ng t he 
i nt eracti on of  f abri c wi t h t he machi nery duri ng processi ng and/ or  i t s made- up seam 
quality,  and i s used t o pr edi ct  i t s di ffi cult y duri ng pr oducti on and/ or  t he maxi mu m 
quality t hat  can be achi eved duri ng sewi ng wi t hout  i ncurri ng pr obl ems associ at ed 
wi t h uneven seams,  defor med seams,  damaged stit ches,  et c.  Thi s syst em can al so 
pr ovi de advi ce on t he amount  t hat  t he magni t udes and pr operti es need t o be al t er ed 
i n or der  t o correct  t he pr ocessability of  t he f abri c usuall y t hr ough fi ni shi ng or  r e-
fi ni shi ng treat ment s.  
o I nt elli gent  sewi ng machi nes:  The opti mum mechani cal  adj ust ment s of  sewi ng 
thread control  and f eedi ng f oot  pr essur e ar e made by mot ors dynami call y, 
dependi ng on t he pr operti es of  t he f abri c bei ng stitched and i ndependentl y of  any 
oper ati onal  speed of  t he machi ne whi ch can be al t ered by t he oper at or  at  wi ll.  Fabri c 
pr operti es and ot her  paramet ers ar e i nput  as barcodes,  and t hey can be t rans mi tt ed 
t o any number  of  sewi ng machi nes,  anywher e.  Advi ce on opti mum sewi ng needl e 
si ze may al so be pr ovi ded by t he syst em wher e necessary.  
o Sel f-l ear ni ng syst ems:  Di ff erent  t ypes of  sewi ng machi nes have di ff erent  seam 
quality assess ment  crit eri a,  t hi s i s measur ed onl i ne and t he si gnal  i s sent  back t o 
t he sewi ng machi ne cont rol  model  t o al t er  or  r ei nforce i t s control  crit eri a t hrough t he 
i nt eracti on bet ween pr operti es and sewi ng mechani cs.  These syst ems are added t o 
t he sewi ng machi ne or  t hey can be made as an i nt egr al  part  of  i t.  The basi c 
pri nci pl es of  t he above-menti oned syst ems ar e measur ement  of  mat eri al  pr operti es, 
machi nery pr ocessi ng condi ti ons,  perf or mance or  quality attri but es of  t he gar ment, 
and t hei r  r el ati onshi p t o t he under st andi ng t he pr evaili ng i nt er acti ng mechani s ms 
wi t h t he i ncor por ati on,  wher ever  possi bl e,  of  peopl e’ s experi ence.  Thi s i s done by 
desi gni ng and constructing t he appr opri at e har dwar e and soft war e f or  t he eff ecti ve 
wor ki ng of  t hose syst ems.  Car e was t aken not  t o be ri gi d t o t he t r adi ti onal  
met hodol ogy and sci entifi c di sci pli nes used,  so t hat  a r eali sti c,  eff ecti ve and r obust 
resul t  can be achi eved.  To t hat  eff ect,  di sci pli nes wer e cr ossed over,  resul ti ng i n 
hybri d devel opment s whi ch have a mi xt ur e conventi onal  and non- conventi onal  
met hodol ogi es whi ch r esul t ed i n t he newl y evol ved ar ea call ed ‘ ‘i nt elli gent  textil e and 
gar ment  manuf act ur e’ ’,  i ts syst ems,  ‘ ‘i nt elli gent  textil e and gar ment  manuf act uri ng 
syst ems’ ’,  and t he new envi ronment,  ‘ ‘i nt elli gent  t extil e and appar el  environment’ ’. 
Al t hough t hese t er ms are of  academi c i nt er est, i n t he manuf act uri ng sense t hey 
denot e t he new generati on of  aut omati on,  flexi bility and i nt egr ati on bet ween 
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f abri c/ machi ne/ man,  whi ch may be one of  t he most  si gni fi cant  ar eas f or  t hi s i ndustry 
at  t he t ur n of  t he cent ury.  Fi gur e 5. 24 shows a schemati c di agr am of  t he ‘ ‘i nt elli gent 
t extil e and gar ment  manuf act uri ng envi ronment ’ ’, wi t h emphasi s on t he i ndi vi dual  
syst ems and t hei r  i nt egrati on.  The fi gur e si mpl y shows t he i nt elli gent  t extil e and 
gar ment manuf act ur e envi ronment [ 83]. 
 
 
Fi gur e 5. 24 The i nt elli gent t extil e and gar ment manuf act uri ng envi ronment 
The t extil e and gar ment  i ndustri es l end t hemsel ves t o be per haps t he most 
chall engi ng r eci pi ent s of  i nt elli gent  manuf act uri ng si nce i t  has been r ecogni sed as 
t he maj or  means f or  f urt her  t echnol ogi cal  devel opment  i n t hese fi el ds.  The t extil e 
and gar ment  i ndustri es, due t o t hei r  pr oduct  r ange,  and bei ng t radi ti onall y l abour 
i nt ensi ve,  have a pl et hora of  deci si ons made f rom skill  and subj ecti ve assess ment  i n 
numer ous si t uati ons.  They have devel oped a culture of  human dependence wher e 
experi ence i s t he pr edomi nant f act or f or survi val , growt h and pr ofit [ 52].  
Neur al  net works ar e used t o pr edi ct  t he perf or mance of  f abri cs i n cl ot hi ng 
manuf act uri ng.  An artifi ci al  neur al  net work i s one of  t he new i nt elli gence 
technol ogi es f or  dat a anal ysi s.  It  i mi t at es t he behavi our  of  bi ol ogi cal  neur al  net wor ks 
t o "l ear n"  a subj ect  from t he dat a pr ovi ded t o it.  The ANN has been successf ull y 
used i n ar eas wher e a l ar ge number  of  f act ors contri but e t o t he event ual  out come, 
but  pr eci se r el ati onshi ps bet ween t hese vari ous f act ors and t hei r  out comes cannot 
be defi ned,  f or  exampl e,  medi cal  di agnoses and cr edi t  eval uati on i n banki ng. 
Att empt s have recentl y been made t o appl y t he ANN t echni que t o t extil es [6].  
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Needl e bar  f orces occurri ng duri ng hi gh speed sewi ng can be used t o i dentif y 
f abri cs on-li ne.  The neur al  net wor k acqui res i ts dat a f r om a sewi ng machi ne 
equi pped wi t h f orce t ransducers.  These transducers measur e t he f orces occurri ng at 
t he needl e duri ng t he sewi ng pr ocess.  The neur al  net wor k i s tr ai ned to i dentif y 
f abri cs based on t hei r  f orce ‘ ‘fi nger pri nt’ ’.  By i mpl ementi ng t he neur al  networ k on a 
mi cr opr ocessor,  a pr actical  way exi st s t o i dentif y not  onl y t he f abri c t ype but  al so t he 
number  of  pli es sewn.  Utili zi ng t hi s t ype of  cl assifi er,  t he aut omat ed appar el  
assembl y st ati on can adapt  i t self  t o changi ng sewi ng condi ti ons and pr ovi de qual it y 
checks such as maki ng sur e all pli es wer e sewn [51].  
The syner gi sm of  a neural ,  neur o-f uzzy appr oach has been f ound most  successf ul 
f or  model li ng t he control  of  sewi ng machi nery f or  compl ex i nt er acti ons wi t h l i mp 
mat eri al s.  It  i s now possi bl e t o opti mi se sewi ng machi nery setti ngs automati call y, 
st ati call y and dynami cally, under any mat eri al t o be stitched [ 84]. 
I n 1996 St yli os et. al.  modi fi ed t wo of  t he most  wi del y used i ndustri al  sewi ng 
machi nes;  ( a l ockstitch and an Pegasus i ndustri al  overl ock sewi ng machi ne)  so t hat 
t hei r  opti mum mechani cs coul d be opti mi sed dynami call y duri ng t he oper ati on f or 
every new f abri c used.  Fi gur es 5. 25 and 5. 26 shows t hese machi nes r especti vel y. 
The f oll owi ng dat a coul d be capt ur ed at  di ff erent  sewi ng speeds:  sewi ng machi ne 
speed ( measur ed by shaft  encoder);  t hr ead t ensi on ( di aphr agm-t ype strai n gauge); 
t ensi on di sk pr essur e ( strai n gauge);  pr esser  f oot  pr essur e ( strai n gauge); f eed dog 
pr essur e ( strai n gauge);  f eed dog di ff erenti al  (li near  vari abl e di ff erenti al  transf or mer) 
was used duri ng experi ment s.  
 
 
Fi gur e 5. 25 The i nt elli gent overl ock sewi ng machi ne Pegasus  
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Fi gur e 5. 26 The i nt elligent  l ockstitch sewi ng machi ne i nt egr at ed wi t h f abri c 
measur ement syst ems  
I n t hi s syst em,  t he basi c pri nci pl e i s t o make sur e t hat  t he t hr ead t ensi on and 
feedi ng pr essur e duri ng stit chi ng ar e opti mum at  di ff erent  sewi ng speeds f or  any 
mat eri al  used.  The process t hus f ar  i s manual ,  very t i me consumi ng and 
i nconsi st ent.  The mechani c f eel s t he f abri c bef or e stit chi ng by handli ng i t. 
Dependi ng on skill  and experi ence he/ she t hen r egul at es (i ncr eases or  r educes)  t he 
t ensi on and f oot  pr essur e of  every sewi ng machi ne i n t he l i ne,  usual l y wi t h a 
scr ewdri ver.  Act uati ng mot ors have r epl aced t he pr ocess of  hand/ dri ver  f or  bot h 
machi nes,  a f uzzy- neural  model  has opti mi sed t he condi ti ons and dynami call y 
dri ves t he mot ors,  and t he f abri c pr opert y measurement  st ati on i s used t o det er mi ne 
the pr operti es,  whi ch ar e f ed t o t he control  model .  The machi ne had t hr ee st eppi ng 
mot ors f or  controlli ng t he t hr ead t ensi ons,  a compr essed ai r  act uat or  f or  contr olli ng 
t he f eedi ng f oot  pr essur e and t wo st eppi ng mot ors f or  control  of  the f eedi ng 
di ff erenti al  and stit ch l engt h.  The appr opri at e control s,  wer e pr ogr ammed by t he 
researcher.  Thi s was f urt her  anal ysed i n a si mplifi ed model  schema of  t he f uzzy-
neur al  net wor k.  The sewability pr edi cti on i s based on a si ngl e neuron (li ke a 
mul tili near  r egr essi on equati on)  net wor k appr oach,  wi t h appr opri at e f abri c pr operti es 
as i nput  and sewability predi cti on as an out put.  Thi s out put,  t oget her  wi t h t he sewi ng 
machi ne speed,  becomes t he i nput  of  t he f uzzy control,  whi ch i s based on t he r ul es 
det er mi ned from t he sewi ng/f abri c/ man i nt er acti ons.  The out put  of  t he control  engi ne 
was opti mum sewi ng condi ti ons at  vari ous speeds (i ndependent)  such as f eedi ng 
f oot  pr essur e and t hr ead t ensi on.  ANN was used t o t une t he me mber shi p f uncti ons 
of  t he control  engi ne and,  f or  t he sel f-l ear ni ng of  t he syst em,  an online l ear ni ng 
al gorit hm was used.  Thi s i s i ni ti at ed wi t h a f ail ure si gnal ,  whi ch enabl es t uni ng of  t he 
me mber shi p f uncti ons until  i t  sati sfi es t he opti mum cri t eri a.  It  shoul d be poi nt ed out 
t hat,  i n t hi s desi gn,  any f abri c can be used and the sewi ng oper at or  i s all owed t o 
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i ncrease/ decr ease/ st op t he sewi ng machi ne at  wi ll,  i n ot her  wor ds,  the desi gn 
respect s oper at or  perf ormance ( non- di ct at ori al ).  The syst em f or  onli ne det ecti on of 
f ail ure si gnal  was a l aser  l i ne coupl ed wi t h a camer a f ocusi ng on t he sewi ng l i ne 
( wri nkl e det ecti on)  i n t he case of  t he l ockstitch sewi ng machi ne.  The f ail ure si gnal  of 
t he overl ock sewi ng machi ne was based on a quart z transducer  mount ed on t he 
f eedi ng pl at e of  t he sewi ng machi ne t o measur e penetrati on f orces whi ch corr el at e 
wi t h sewi ng damage [ 83] . 
I n 1996 Barr et  et  al .  descri bed a sewi ng syst em that  cl assifi es bot h t he f abri c t ype 
and number  of  pli es encount er ed duri ng appar el  assembl y,  so t hat  on-li ne 
adapt ati on of  t he sewi ng par amet ers t o i mpr ove stit ch f or mati on and seam qual it y 
can occur.  The st udy was done i n Nort h Car oli na St at e Uni versi ty.  Needl e 
penetrati on f orces and pr esser  f oot  f orces were capt ur ed and decomposed usi ng 
t he wavel et  transf or m.  Sali ent  f eat ur es extract ed usi ng t he wavel et  transfor m of  t he 
needl e penetrati on f orces f or m t he i nput  t o an artifi ci al  neur al  net wor k,  whi ch 
cl assifi es t he f abri c t ype and number  of  pli es bei ng sewn.  A f uncti onal l y l i nked 
wavel et  neur al  net work was t rai ned on a moder at e number  of  stitches f or  fi ve 
f abri cs,  and coul d correctl y cl assif y bot h f abri c t ype and number  of  pli es bei ng sewn 
wi t h 97. 6% accur acy.  Thi s net wor k was i nt ended f or  use t o cl assif y f abri cs on-li ne 
and control  sewi ng paramet ers i n r eal  ti me.  The obj ect  of  t hi s r esearch was t o 
i nvesti gat e t he on-li ne i dentifi cati on of  a f abri c wi t hi n a fi nit e set  of  f abri cs. 
I mpl ementi ng t hese met hods of  f abri c i dentifi cati on wi t hi n t he cont ext  of  syst em 
i nt elli gence woul d all ow t he on-li ne adapt ati on of  sewi ng machi ne par amet er s t o 
opti mi se seam qualit y.  The Pf aff  483 sewi ng machi ne used t o conduct  t hi s r esear ch 
was equi pped wi t h f orce t ransducers i n bot h t he pr esser  bar  and t he needl e bar. 
Duri ng sampl e coll ecti on,  t he sewi ng machi ne oper at ed at  1435 spm.  They st udi ed 
wi t h fi ve f abri cs.  A comput er  was equi pped t o sampl e t he sewi ng f orce si gnal s 
synchr oni zed wi t h pul ses f rom an encoder  mount ed on t he sewi ng machi ne axl e. 
The r esearchers used 256 encoder  pul ses,  so r egar dl ess of  sewi ng machi ne speed, 
t he same number  of  sampl es was coll ect ed f or  every stitch cycl e.  Duri ng 
experi ment s,  t hey di d not  use t hr ead i n order  t o r educe vari ability due t o 
f abri c/t hread i nt er acti on.  Fi ft y stit ches of  dat a were coll ect ed f or  each combi nati on of 
f abri c t ype (fi ve t ypes),  pl y number  ( 1 t o 4 pli es)  and ori ent ati on ( war p or  weft).  Thei r 
resul t s showed t hat,  real -ti me sewi ng f orce measur ement s pr ovi de adequat e 
i nf or mati on t o i dentify both t he f abri c t ype and number of pli es bei ng sewn [45].  
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6. MEASUREMENT METHODS 
6. 1 Si gnal s 
I n t he t echnol ogi cal  fi el d,  t he mani pul ati on of  si gnal s ai mi ng at  t he extr acti on and 
eval uati on of  i nf or mati on i s an i mport ant  t ask.  Gener all y speaki ng,  t he dynami c 
repr esent ati on of  t he si gnal s i s a powerf ul  t ool  when a syst em i s desi gned.  Real  
measur ed si gnal s ar e anal ogue quantiti es.  The di git al  mani pul ati on of  a si gnal , 
whi ch i s becomi ng mor e and mor e common,  pr esupposes t he t ransf or mati on of  t he 
si gnal  i nt o a sampl ed and di git al  f or m.  Speci al  devi ces call ed Anal ogue-t o- Di git al 
Convert ers ( ADC)  ar e t her ef or e commonl y used.  The ADCs ar e convert ers of  a 
vol t age l evel  i nt o t he correspondi ng numeri cal  val ue wi t hi n a pr edefined r ange. 
So meti mes,  i t  happens that  t he out put  of  t he source ( sensor  or  gener ator  out put 
et c.)  pr ovi des an el ectri cal  current  si gnal .  I n t hat  case,  ampl ifi ers change t he 
vari ance r ange t o t he r equest ed l evel  or  i f  i t  i s necessary,  t hey l i neari ze t he si gnal . 
Li kewi se,  i f  t he si gnal  i s not  i n t he desi red f or m,  speci al  devi ces,  known as 
transducers,  transf or m i t  i nt o t he r equest ed f or m.  The si gnal s ar e sampl ed and t hei r 
val ues ar e used by t he aut omati on or  control  syst em i n or der  t o enabl e reacti ons 
and t o make deci si ons on t he controll ed oper ati on.   The eval uati on i s a sequence of 
mat hemati cal oper ati ons.  
The f requency i nf or mation of  a si gnal  i s usuall y qui t e val uabl e.  I n or der t o get  t hi s 
i nf or mati on,  a t r ansi ti on from t he ti me t o t he f requency domai n i s needed.  It  i s wel l 
known (  Fouri er  Seri es) t hat  peri odi cal  conti nuous si gnal s can be anal ysed i n a 
seri es of  si nusoi dal  si gnal s or  by usi ng ot her  t erms  i n an i nfi nit e number  of  di scr et e 
frequency spectrum component s.  The Fouri er Tr ansf or m i s a powerful  met hod 
per mi tti ng t he t ransiti on wi t hout  change t he si gnal’ s i nf or mati on cont ent. The Fast 
Fouri er Tr ansf or m ( FFT) i s wi del y used i n many appli cati ons.  
6. 2 Sensors 
Aut omati on syst ems extract  i nf or mati on f rom t he pr ocess under  contr ol.  The syst em 
wi ll  mani pul at e t hat  i nf or mati on i n or der  t o ei t her  pass i t  t o ot her  systems  or  t o 
defi ne i t s r eacti on.  The basi c pr esupposi ti on of  t he desi gn and appli cation of  t he 
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aut omati on syst ems i s t he avail ability of  i nf or mati on.  I n t he worl d of  aut omati on, 
i nf or mati on from t he pr ocess i s t he raw mat eri al f or f urt her acti ons.  
The maj ority of  aut omation syst ems ar e el ectri cal.  Thi s means t hat  t he si gnal s,  as 
carri ers of  i nf or mati on,  have t o be i n an el ectri cal  f or m.  On anot her  l evel ,  i t  i s 
necessary f or  t he i nf or mati on t o be avail abl e i n t he f or m of  an el ectri cal  si gnal .  The 
devi ces servi ng t hi s need ar e call ed sensors.  Thei r  name has a Lati n origi n,  whi ch 
means t he or gan of  sense.  They "f eel "  t he measur ed obj ect  and trans mit  a si gnal  
rel at ed t o t he vari ati ons of  t he measur ed quantit y So meti mes t he t er m t r ansducer  i s 
i n use.  The t ransducer i s a devi ce,  whi ch r ecei ves ener gy f rom a  syst em and 
trans mi t s i t  t o anot her. Fr om t hi s poi nt  of  vi ew,  sensors ar e a subset  of  t he 
transducers,  because t hey don' t  onl y r ef er  t o l ow ener gy si gnal s.  The sensor  i s t he 
part of t he transducer, whi ch i s cl oser t o t he quantity t o be measur ed.  
A l ot  of  common sensors ar e used i n most  of  t he appli cati on fi el ds of  i ndustri al  
aut omati on syst ems.  Ther e ar e vari ous t ypes of  measur ed quantiti es.  What  i s 
usuall y measur ed i s:  positi on ( di spl acement),  vel oci t y,  accel er ati on,  f orce,  pr essur e, 
fl ow, l evel, t emper at ur e, humi di t y, proxi mi t y, et c. 
a)  Di spl acement  sensors:  Wel l  known met hods of  di spl acement  measur ement  use: 
pot enti omet er, li ght readi ng of transpar ent el ements (di sks and rul ers) et c.  
b)  Vel ocit y sensors:  Vel oci t y i s not  al ways measur ed di rectl y.  The vel ocity i s oft en 
cal cul at ed f rom t he i nf or mati on t aken f rom t he di spl acement  and t he respecti ve 
ti me.  A t achogener at or  i s usuall y used as a vel oci t y sensor  It s axi s i s coupl ed t o a 
rot ati ng shaft and t her e is a cert ai n volt age generat ed per rpm.  
c)  Accel er ati on sensors: Accel er ati on i s measured by t he appli cati on of  a sei s mi c 
mass t o a f orce t ensor.  Anot her  met hod i s t o connect  a spri ng i n seri es t o a mass 
and di spl acement  sensor.  The accel er ati on of  t he mass causes el ongation of  t he 
spri ng.  The di spl acement  r ecor ded i s pr oporti onal  t o t he f orce,  and t he accel er ati on 
i s easy t o cal cul at e if t he mass i s known.  
d)  For ce sensors:  For ce i s an i mport ant  quantity t o be measur ed Load cel l s ar e 
commonl y used.  These ar e l i near  vari abl e di ffer enti al  transf or mer s wi th movabl e 
cor es.  The di spl acement  of  t he cor e unbal ances t he t ransducer  and a si gnal  i s 
gener at ed pr oporti onal  to t he di spl acement.  If  t he f orce act s agai nst  t he cor e of  t he 
transf or mer  vi a a spri ng,  t he di spl acement  and t hus t he si gnal  gener at ed i s 
pr oporti onal  t o t he f orce.  The def or mati on of  t he mat eri al s under  t he i nfl uence of  t he 
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f orce can be measur ed.  A strai n gage transl at es t hese def or mati ons i nt o resi st ance 
vari ati ons.  The r esi st ance change of  t he strai n gage can nor mall y be measur ed. 
Pi ezoel ectri c sensors are al so commonl y used.  When a f orce act s on a speci al 
cryst al  or  on a cer ami c mat eri al  i t  causes t he gener ati on of  el ectri cal  vol tage acr oss 
t he cryst al. 
e)  Pr essur e sensors:  For  t he pr essur e measur ement,  t her e ar e speci al  tubes used 
i n or der  t o convert  pr essur e vari ati ons i nt o di spl acement  changes These ar e usual l y 
met al  t ubes whi ch ar e cl osed at  one end.  They are f or med i n ci rcul ar  or  spi ral  f or m. 
When gas or  fl ui d pr essur e i s appli ed t o t he t ube,  i t  t ends t o strai ght en.  The cl osed 
end moves and i f  a di spl acement  sensor  i s connect ed t o t hi s,  t he di spl acement 
recor ded gi ves an i ndi cati on of  t he pr essur e.  Anot her  popul ar  sensor  i s when a 
strai n gauge i s bonded on a di aphr agm.  The defor mati on of  t he di aphr agm under 
t he appli ed pr essur e all ows  i t s r esi st ance t o be i ncr eased.  The r esi st ance change i s 
ref erred t o t he di ff erential  pr essur e of  t he t wo si des of  t he di aphr agm Ther e ar e 
pi ezoel ectri c pressur e sensors as well as i nt egr ated monolit hi c pressur e sensors.  
f)  Fl ow sensors:  Fl ow i s measur ed i ndi rectl y,  by usi ng a r ot ati ng t ur bi ne.  The fl owi ng 
fl ui d r ot at es t he t ur bi ne and t he f ast er  t he fl ow t he gr eat er  t he t ur bi ne rot ati on.  A 
devi ce f or  pul se gener at i on i s used i n or der  t o gi ve an esti mati on of  t he r ot ati on 
speed of  t he t ur bi ne.  Anot her  met hod f or  t he measuri ng of  fl ow i s t he vent ouri 
di ff erenti al fl ow met ers.  
g)  Level  sensors:  Dependi ng on t he ki nd of  t he f l ui d i n t he t ank,  t her e are vari ous 
met hods used f or  t he l evel  measur ement.  A si mpl e met hod used i s t he 
measur ement  of  t he di spl acement  of  one end of  a cor d wi t h a fl oat  hung t o t he ot her 
end.  A pr essur e sensor  can be used t o measur e t he pr essur e at  t he bottom of  t he 
t ank. Thi s i ndi cati on i s proporti onal  t o t he l evel  of t he cont ai ned fl ui d.  
h)  Temper at ur e sensors: The mai n sensors ar e t he t her mocoupl es.  They gener at e a 
l ow vol t age and ar e not linear. They ar e si mpl e and i nexpensi ve.  
i)  Humi dit y sensors:  A usual  way f or  t he humi di t y t o be measur ed i s t o use t wo 
temper at ur e sensors.  The fi rst  one has a dr y bul b and t he second a wet  one.  The 
evapor ati on causes t he t emper at ur e of  t he wet  bul b t o become l ower  t han t hat 
measur ed by t he dry one.  By usi ng a speci al  l ook- up t abl e,  t he t emper at ur e 
di ff erence bet ween t he dry and wet bul b i ndi cat es t he rel ati ve humi di t y.  
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j)  Pr oxi mi t y sensors:  Pr oxi mi t y sensors ar e usef ul  sensors i n i ndustri al  appli cati ons 
If  t he obj ect s ar e non f errous,  t hen ul trasoni c tr ans mi tt ers and r ecei vers ar e used. 
The r efl ecti on of  t he ul trasound i ndi cat es t he proxi mi t y of  an obj ect.  If  the obj ect s 
ar e f errous,  t he sensi ng can be based on magneti c pri nci pl es.  There ar e al so 
rel uct ance pr oxi mi t y sensors.  They consi st  of  a per manent  magnet  and a cor e wi t h 
a coil  ar ound i t.  The pr esence of  a f errous mat eri al  near by causes di st orti on of  t he 
magneti c fi el d and consequentl y a coil out put. 
Ther e ar e many f or  sensors i n t he t extil e i ndustry.  The sel ecti on of  some 
repr esent ati ve exampl es of  sensor  appli cati ons i n t he t extil e i ndustry has been 
made so t hat it will cover a wi de ar ea [ 85]. 
6. 3 Strai n Gauge Measur ement  
6. 3. 1 Defi niti on of strain  
St r ai n i s t he amount  of  def or mati on of  a body due t o an appli ed f orce.  Mor e 
specifi call y,  strai n (ε)  i s defi ned as t he f racti onal  change i n l engt h,  as shown i n 
Fi gur e 6. 1 bel ow.  
 
Fi gur e 6. 1 Defi niti on of strai n 
St r ai n can be positi ve (t ensil e) or negati ve (compressi ve). Alt hough di mensi onl ess, 
strai n i s someti mes expressed i n uni t s such as i n./i n. or mm/ mm. I n pr actice, t he 
magni t ude of measur ed strai n i s very small. Theref or e, strai n i s oft en expressed as 
mi cr ostrai n (ε), whi ch i s ε –6 [ 86]. 
Ext er nal  f orce appli ed t o an el asti c mat eri al  gener at es stress,  whi ch subsequentl y 
gener at es def or mati on of  t he mat eri al.  At  t hi s ti me,  t he l engt h L of  t he mat eri al  
ext ends t o L+ΔL i f  applied f orce i s a t ensil e f orce.  The r ati o of  ΔL t o L,  that  i s ΔL/ L, 
i s call ed strai n.  ( Pr eci sely,  t hi s i s call ed nor mal  strai n or  l ongi t udi nal  strain. )  On t he 
ot her  hand,  i f  compr essi ve f orce i s appli ed,  t he l engt h L i s r educed t o L-  ΔL.  St r ai n 
at t hi s ti me i s (- ΔL)/ L.  
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Supposi ng t he cr oss secti onal  ar ea of  t he mat erial  t o be A and t he applied f orce t o 
be P,  stress σ wi ll  be P/ A,  si nce a stress i s a f orce wor ki ng on a def i nit e cr oss 
secti onal  ar ea.  I n a si mpl e uni axi al  stress fi el d,  strai n ε  i s pr oporti onal  to stress σ, 
t hus an equati on = E × ε  i s sati sfi ed,  pr ovi ded t hat  t he stress σ does not  exceed 
t he el asti c li mi t  of  t he mat eri al.  " E"  i n t he equation i s t he el asti c modul us ( Young' s 
modul us) of t he mat eri al [ 87]. 
When a bar  i s strai ned with a uni axi al  f orce,  as i n Fi gur e 6. 1,  a phenomenon known 
as Poi sson St r ai n causes t he gi rt h of  t he bar,  D,  t o contract  i n t he t ransver se,  or 
per pendi cul ar,  di recti on.  The magni t ude of  t hi s transverse contracti on i s a mat eri al  
pr opert y i ndi cat ed by i t s Poi sson' s Rati o.  The Poi sson' s Rati o  
defi ned as t he negati ve rati o of  t he strai n i n t he transverse di recti on ( perpendi cul ar 
t o t he f orce)  t o t he strai n i n t he axi al  di recti on ( parall el  t o t he f orce),  or   – ε  /  ε. 
Poi sson' s Rati o f or st eel, f or exampl e, ranges from 0. 25 t o 0. 3. 
When a met al  (r esi st or)  i s expanded or  contract ed by ext er nal  f orce,  i t  experi ences 
a change of  el ectri cal  r esi st ance.  By bondi ng a met al  (r esi st or)  on t he surf ace of  a 
speci men wi t h an el ectri cal  i nsul at or  bet ween t hem,  t he met al  changes i t s 
di mensi on accor di ng t o t he expansi on or  contract i on of  t he speci men,  t hus r esul ti ng 
a change of  i t s r esi st ance.  Strai n gauge ( el ectri cal  r esi st ance strai n gauge)  i s a 
sensor t o det ect t he strain of a speci men by t hi s resi st ance change.  
Whi l e t her e ar e sever al  met hods of  measuri ng strai n,  t he most  common i s wi t h a 
strai n gauge,  a devi ce whose el ectri cal  r esi st ance vari es i n pr oporti on t o t he a mount 
of  strai n i n t he devi ce.  For  exampl e,  t he pi ezor esi sti ve strai n gauge i s a 
semi conduct or  devi ce whose r esi st ance vari es nonli nearl y wi t h strai n.  The most 
wi del y used gauge,  however,  i s t he bonded met alli c strai n gauge.  The metalli c strai n 
gauge consi st s of  a very fi ne wi re or,  mor e commonl y,  met alli c f oil  arranged i n a gri d 
patt ern.  The gri d patt ern maxi mi zes t he amount  of  met alli c wi re or  f oil subj ect  t o 
strai n i n t he par all el  di recti on as seen i n Fi gur e 6.2.  The cr oss secti onal  area of  t he 
gri d i s mi ni mi zed t o r educe t he eff ect  of  shear  strai n and Poi sson St rai n.  The gri d i s 
bonded t o a t hi n backi ng,  call ed t he carri er,  whi ch i s att ached di rectl y to t he t est 
speci men.  Ther ef or e,  t he strai n experi enced by t he t est  speci men i s t ransf erred 
di rectl y t o t he strai n gauge,  whi ch r esponds wi t h a l i near  change i n el ectri cal  




Fi gur e 6. 2 Bonded met al li c strai n gauge 
It  i s very i mport ant  t hat  the strai n gauge be pr operl y mount ed ont o t he t est  speci men 
so t hat  t he strai n i s accur at el y tr ansf erred f rom t he t est  speci men,  t hough t he 
adhesi ve and strai n gauge backi ng,  t o t he f oil  i t sel f.  A f undament al  par amet er  of  t he 
strai n gauge i s i t s sensi ti vity t o strai n,  expr essed quantit ati vel y as t he gauge f act or 
( K).  Gauge f act or  i s defined as t he r ati o of  fractional  change i n el ectri cal  r esi st ance 
to t he f racti onal  change i n l engt h ( strai n).  The Gauge Fact or  f or  met alli c strai n 
gauges i s t ypi call y around 2.  
The strai n gener at ed i n t he speci men i s t r ansmi tt ed t o t he r esi st or  (foil  or  wi r e) 
t hrough t he gauge base ( backi ng),  wher e expansi on or  contracti on occur s.  As a 
resul t,  t he r esi st or  experi ences a vari ati on i n r esi st ance.  Thi s vari ati on i s 
pr oporti onal  t o t he strai n as i ndi cat ed i n t he f oll owi ng equati on:  
ε = ΔL/ L= ( ΔR/ R)/ K                                                                                               (6. 1) 
ε:  Strai n,  R:  Gauge r esi st ance,  ΔR:  Resi st ance change due t o strai n,  K:  Gauge 
f act or as shown on t he package, L: Ori gi nal l ength 
I deall y,  i t  woul d be l i ked t he r esi st ance of  t he strai n gauge t o change onl y i n 
response t o appli ed strain.  However,  strai n gauge mat eri al,  as wel l  as t he speci men 
mat eri al  t o whi ch t he gauge i s appli ed,  wi ll  al so respond t o changes i n t emper at ur e. 
St r ai n gauge manuf actur ers att empt  t o mi ni mize sensi ti vity t o t emper at ur e by 
pr ocessi ng t he gauge mat eri al [ 86]. 
St r ai n gauges ar e pr ovi ded wi t h many conveni ent  f eat ur es as f oll ows.  
 Si mpl e constructi on wi t h a s mall  mass and vol ume so as not  t o i nt erf ere wit h 
t he stresses on t he specimen 
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 Smal l gauge l engt h f or eval uati on of l ocali zed stress 
 Good frequency response f or tracki ng rapi d fl uct uati ons i n stress 
 Si mul t aneous measur ement of mul ti pl e poi nt s and remot e poi nt s.  
 El ectri cal out put f or easy dat a pr ocessi ng [ 87]. 
I n pr acti ce,  t he strai n measur ement s r ar el y i nvol ve quantiti es l ar ger  t han a f ew 
mi li strai n.  Ther ef or e,  t o measur e t he strai n r equi res accur at e measur ement  of  ver y 
s mall  changes i n r esi stance.  To measur e such s mal l  changes i n r esi stance,  and 
compensat e f or  t he t emper at ur e sensi ti vity di scussed i n t he pr evi ous secti on,  strai n 
gauges ar e al most  al ways used i n a bri dge conf i gur ati on wi t h a vol t age or  curr ent 
excit ati on source.  The gener al  Wheat st one bridge consi st s of  f our  r esi sti ve ar ms 
wi t h an excit ati on volt age, whi ch i s appli ed acr oss t he bri dge.  
Changes i n r esi st ance caused by mechani cal  strai n ar e measur ed i n a bridge ci rcuit, 
whi ch pr oduces an out -of-bal ance vol t age.  Thi s vol t age needs t o be ampl i fi ed and 
di spl ayed or  st or ed,  or  bot h,  aft er  mani pul ati ng (or  pr ocessi ng)  i t  t o r epr esent  uni t s. 
Thi s mani pul ati on may be by means of  controls i n t he har dwar e ( anal ogue),  e. g. 
gauge f act or  control.  I n a comput er  based syst em,  all  t he mani pul ati on may occur  i n 
t he soft war e ( di gi t al )  ei t her  i n t est  pr ogr ammi ng,  or  i n t he dat a r educti on and 
anal ysi s,  bef or e and aft er  st or age.  Fi gur e 6. 3 shows t he schemati c strai n 
measur ement syst em.  
 
 
Fi gur e 6. 3 Schemati c strai n measur ement syst em 
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The Wheat st one bri dge i ll ustrat ed i n Fi gur e 6. 4 i s most  commonl y used f or 
converti ng t he s mal l  change i n t he r esi st ance of  the strai n gauge ( or  gauges)  i nt o a 
vol t age sui t abl e f or amplifi cati on and pr ocessi ng.  
 
Fi gur e 6. 4 Wheat st one bri dge 
 
Consi der  Fi gur e 6. 4,  i n whi ch R1,  R2,  R3,  R4  ar e r esi st ors.  Assumi ng t hat  t he 
condi ti on R1/ R4 =R2/ R3  i s sati sfi ed t hen t he out put  volt age Vout  will  be zero,  i . e.  t he 
bri dge i s bal anced.  A change i n r esi st ance R1 wi ll  unbal ance t he bri dge and 
pr oduce a vol t age acr oss t he out put  t er mi nal s. For  strai n gauge pur poses,  t he 
out put equati on f or t he bri dge i s 
Vout = ( K N Vi n)/ 4                                                                                                    (6. 2) 
Wher e;  
K= gauge f act or,  Vi n =bridge vol t s,    =strai n and N=number  of  acti ve arms  of  t he 
bri dge 
Ther e ar e t hree bri dge t ypes:  
Quart er  bri dge:  When a si gnal  gauge i s used at  t he measur ement  poi nt,  wi t h 
per haps r esi st ors wi t hi n t he strai n i ndi cat or  compl eti ng t he bri dge,  t hen t hat  i s 
t er med ‘ quart er bri dge’  oper ati on.  
Hal f  bri dge:  When t wo gauges ar e used i n adj acent  ar ms of  t he bri dge,  i t i s known 
as a hal f  bri dge syst em,  shown i n Fi gur e 6. 5.  For  t hi s wor k,  one gauge must  see 
tensi on and t he ot her  compr essi on,  i . e.  one i ncr easi ng and t he ot her  decreasi ng i n 
resi st ance, or one gauge must see zer o mechani cal  strai n [ 88]. 
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Fi gur e 6. 5 Half-bri dge ci rcui t  
Ful l  bri dge:  The f ull  bri dge,  shown i n Fi gur e 6. 6, usi ng gauges as all  f our  ar ms of  t he 
Wheat st one bri dge,  i s a l ogi cal  ext ensi on of  t he hal f  bri dge and can be used t o 
f urt her  i ncr ease t he sensi ti vity of  a measuri ng syst em putti ng t wo gauges on each 
si de of  a beam,  mounti ng t wo gauges i n t ensi on and t wo gauges i n compr essi on, 
i nst ead of  one,  gi ves a val ue of  N= 4,  i . e.  t he out put  i s f our  ti mes t hat  of  a si ngl e 
gauge quart er  bri dge i nstall ati on,  wi t h possi bl y i mpr oved t emper at ur e compensati on 
and t he cancell ati on of unwant ed si gnal s [ 87]. 
 
Fi gur e 6. 6 The f ull -bri dge ci rcuit  
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Fi gur e 6. 7 Bri dge confi gur ati ons 
The equati ons gi ven here f or  t he Wheat st one bri dge ci rcuit s assume an i ni ti all y 
bal anced bri dge t hat  gener at es zer o out put  when no strai n i s appli ed.  I n pr acti ce 
however,  r esi st ance t oler ances and strai n i nduced by gauge applicati on wi ll 
gener at e some i ni ti al  offset  vol t age.  Thi s i ni ti al  offset  vol t age i s t ypi call y handl ed i n 
t wo ways.  Fi rst,  you can use a speci al  off set-nulli ng,  or  bal anci ng,  ci rcuit t o adj ust 
t he r esi st ance i n t he bri dge t o r ebal ance t he bri dge t o zer o out put.  Al t er nat i vel y,  you 
can measur e t he i niti al unstrai ned out put of t he ci rcuit and compensat e i n soft war e.  
I n most  strai n measur ement  syst ems,  t her e i s a pr ovi si on f or  i niti all y bal anci ng t he 
bri dge t o compensat e f or r esi st ance t ol er ances of  t he gauges and l ead wi res.  So me 
means of  est abli shi ng t hi s ar bitrary zer o at  t he st art  of  a t est  i s needed f or  t wo 
reasons.  
 To enabl e t he strai ns t o be r ead di rectl y wi t hout  havi ng t o add or  subtr act  the 
i niti al off set s; 
 To ensur e t hat  t he l i near  r ange of  t he ampl ifi er  i s used t o i t s f ull  ext end f or 
t he requi red si gnal  and not t aken up by t he i niti al off set s.  
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Wi t h a comput er-based equi pment,  t o t ake account  of  i ni ti al  off set s i n t he soft war e i s 
al so possi bl e.  The val ue of  t he off set  woul d be st or ed and t hen added t o,  or 
subtract ed from, subsequent readi ngs as t he pol arit y di ct at es [ 88]. 
6. 4 Dat a Acqui siti on Syst ems 
Dat a acqui siti on i nstrument s coll ect,  di giti se and pr ocess mul ti pl e sensor or  si gnal  
i nput s f or  t he pur pose of  moni t ori ng,  anal ysi ng and/ or  controlli ng systems  and 
pr ocesses.  They ar e confi gur ed i n a wi de vari ety of  i nstrument ati on and modul ar 
syst ems.  Appli cati ons i ncl ude manuf act uri ng t esti ng of  all  t ypes of  t echni cal  
pr oduct s, saf et y, envi ronment al , certifi cati on and research pr oj ect s.  
6. 4. 1 Dat a Acqui siti on and Si gnal Conditi oni ng 
Dat a Acqui siti on and Si gnal  Condi ti oni ng i s t he pr ocessi ng of  mul ti pl e el ectri cal  or 
el ectroni c i nput s fr om devi ces such as sensors,  ti mers,  r el ays,  and soli d st at e 
ci rcuit s f or  t he pur pose of  moni t ori ng,  anal ysi ng and/ or  controlli ng syst ems and 
pr ocesses.  Maj or  t echnol ogi es and r el at ed i nstrument s of  si gnal  generati on and 
trans mi ssi on i ncl ude vol t age and current  si gnal s ( condi ti oned transducers), 
concentrati on measur ement  ( hi gh i mpedance pr obes),  power  si gnal s from power 
suppli es,  t emper at ur e measur ement  (t hermocoupl es),  r esi st ance,  strai n 
measur ement  ( strai n gauge bri dges),  excit ati on,  angul ar  posi ti on measur ement 
(encoders),  speed and f l ow measur ement  ( count-ti mers)  and di git al  si gnal s.  Maj or 
f ami li es of  dat a acqui sition and si gnal  condi ti oni ng ar e:  dat a acqui siti on ( hi gh l evel ), 
si gnal  convert ers,  r ecorders and l oggers,  and si gnal  condi ti oni ng [ 89]. Fi gur e 6. 8 
shows t he gener al concept s of dat a acqui siti on [ 88].  
 
Fi gur e 6. 8 Gener al dat a acqui siti on syst em  
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Si gnal  condi ti oners ar e devi ces t hat  r ecei ve sensor  out put,  t hen r efi ne,  and out  put 
t he si gnal  ( gener all y as di git al  or  di gi ti sed dat a)  so t hat  i t  can be r ead by a dat a 
acqui siti on comput er  boar d.  These i ncl ude bridge condi ti oners (f or  Wheat st one 
bri dge st yl e sensors,  such as quart er,  hal f,  or  f ull  bri dge strai n gauges and 
accel er omet ers),  i nstrument ati on and si gnal  a mpl ifi ers,  si gnal  filt ers,  and 
temper at ur e si gnal  condi ti oni ng unit s. 
The f ami l y of  si gnal  convert ers i ncl udes vari ous dat a acqui siti on devi ces t hat  accept 
a si gnal ,  t hen filt er  and out put  t he si gnal  i n a di ff erent  f ashi on.  Mostl y,  the si gnal  
frequency i s changed,  al t hough some convert ers may change f requency t o vol t age 
and vi ce versa.  Maj or  i nstrument s wi t hi n t hi s f ami l y i ncl ude:  anal ogue-t o- di git al 
convert ers ( ADC),  char ge convert ers /  amplifi ers, curr ent  l oop convert ers,  current -t o-
vol t age convert ers,  di gital -t o-anal ogue convert ers ( DAC),  frequency convert ers / 
transl at ors,  frequency-t o-volt age convert ers,  si gnal  convert ers,  vol t age convert ers / 
i nvert ers, and vol t age-t o-frequency convert ers. 
Char ge ampl ifi ers/ syst ems  ar e,  si gnal  condi ti oning modul es or  syst ems t hat  amplif y, 
att enuat e,  filt er  and/ or  convert  a char ge si gnal  from an accel er omet er, l oad cell, 
pr essur e t ransducer,  di spl acement  tr ansducer  or  anot her  t ype of  capaci tive sensor. 
Ampl ifi ers accept  si gnal s f r om sensors and ot her  devi ces whi ch ar e oft en t oo l ow-
l evel  t o be usabl e i n anal ysi s.  They ampl if y them t o l evel s sui t abl e f or  f urt her 
pr ocessi ng or  di gi ti sati on by comput er  el ement s such as dat a acqui siti on devi ces. 
The a mpl ifi cati on r ati o,  or  gai n,  may be fi xed or  pr ogr ammabl e,  and a mplifi ers may 
i ncor por at e mul ti pl e channel s and ot her  si gnal  condi ti oni ng f uncti ons such as 
filt eri ng.  Si gnal s measur ed duri ng dat a acqui siti on ar e usuall y di st ur bed by 
unwant ed noi se or  i nfl uenced by ot her  si gnal s. Noi se or  har moni c si gnal s have 
usuall y hi gher  frequency t han t he measur ed si gnal .  They can be r emoved bef or e 
acqui siti on by el ectroni c filt er connect ed t o si gnal  bef or e amplifi er i nput.  
Recor ders and l oggers are devi ces t hat  acqui re di git al  dat a fr om sensors and ot her 
si gnalli ng i nstrument s.  They ar e pri maril y used t o st or e t hi s dat a f or  f ut ur e downl oad 
(t o a PC)  al t hough some st yl es do have r eal -time f eat ur es i ncl udi ng moni t ors and 
al ar ms.  Ot hers ar e used t o gener at e chart s or  gr aphs,  ei t her  on a screen,  or  as 
conti nuous pri nt out s f or  t racki ng or  moni t ori ng.  Thi s f ami l y i ncl udes dat a l ogger s and 
recor ders, and chart recor ders and stri p chart s. 
Dat a acqui siti on i nstrument s coll ect,  di giti se and pr ocess mul ti pl e sensor or  si gnal  
i nput s f or  t he pur pose of  moni t ori ng,  anal ysi ng and/ or  controlli ng systems  and 
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pr ocesses.  They ar e confi gur ed i n a wi de vari ety of  i nstrument ati on and modul ar 
syst ems.  Appli cati ons i ncl ude manuf act uri ng t esti ng of  all  t ypes of  t echni cal  
pr oduct s, saf et y, envi ronment al , certifi cati on and research pr oj ect s [ 89]. 
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7. EXPERI MENTAL 
7. 1 Mat eri al s 
 Fabri cs:  Fi ve 100 % cotton gr ey deni m f abri cs,  commonl y used f or  cl ot hing, 
wer e suppli ed f rom t he i ndustry f or  t hi s i nvest i gati on.  The f abri c t hi ckness was 
measur ed on James Heal  R&B Cl ot h Thi ckness Test er,  Type 252,  accordi ng t o t he 
ASTM- D1777 t est  met hod.  Fabri c wei ght  was measur ed wi t h an el ectroni c wei ghi ng 
bal ance.  Yar n count s wer e measur ed accor di ng t o t he ASTM- D1907 met hod.  Ai r 
Per meability was measured accor di ng t o t he ASTM D737- 96.  Tabl e 7. 1 shows t he 
f abri c properti es.  
Tabl e 7. 1 The pr operti es of t he deni m f abri cs 
Code Weave 
Fabri c 


















Yar n Count       
( OE Rot or 
Yar n)  
[ Ne] 
Cover Fact or 
Weft 
[ Ends
/ cm]  
War p 
[ Pi ck
s/ cm]  
Weft War p Weft War p 
1 Twi ll 3/ 1 538, 2 0, 98 2050 17, 3 26, 8 4, 9/ 1 6, 6/ 1 25, 8 34, 4 
2 Twi ll 2/ 1 374, 2 0, 74 2600 15, 4 26, 5 11,/ 1 6, 5/ 1 15, 2 34, 3 
3 Pl ai n 374, 1 0, 79 2730 14, 2 25, 3 11/ 1 6, 7/ 1 14, 1 32, 3 
4 Twi ll 2/ 1 275, 73 0, 64 8600 15 27, 6 11, 6/ 1 10, 6/ 1 14, 5 27, 9 
5 Twi ll 3/ 1 416, 9 0, 85 2350 18, 4 26, 7 10, 9/ 1 6, 6/ 1 18, 4 34, 3 
 
 Sewi ng t hr eads:  They wer e chosen accor di ng t o t hei r  Tkt  yar n number  and 
pl y.  Composi ti ons wer e chosen t he same,  onl y di ff erenti ati ng i n mat eri als and yar n 
count s. Tabl e 7. 2 shows the t hread pr operti es.  
Tabl e 7. 2 Sewi ng t hread pr operti es 
Thr ead 
Code 
Co mposi ti on 
Ti cket 
nu mber ( Tkt 
no.) 
Pl y 
Twi st [ T/ m]  
3 pl y [ (Z) 1 pl y ( S) 
1 Cor espun(cott on/ pol y) 40 3 606 422 
2 Cor espun (pol y/ pol y) 20 3 720 622 
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 Sewi ng Needl es:  Thr ee di ff erent  needl e si zes wer e used accor di ng t o t he 
f abri c t hi ckness and wei ght s.  Duri ng choosi ng t he needl es,  ASTM- D1908 met hod 
was al so t aken i nt o account.  Needl e no.  16,  18 and 22,  pr oduced by Or ange 
Needl es Co mpany,  were used t o sew t he sampl es.  Needl es have normal  poi nt s, 
shown as R,  whi ch can be used f or  sewi ng of  t he maj orit y of  t extil e mat eri al s.  The 
needl e poi nt  i s l i ghtl y r ounded.  The shank di amet er  and bl ade l engt h of  Si nger  18 
needl e ar e diff erent t han the ot hers. Tabl e 7. 3 shows t he needl e pr operti es. 
Tabl e 7. 3 Needl e pr operti es 
Needl e code 
Needl e No 
( Si nger 
Syst em)  
Defi niti ons 





Di amet er 
( mm)  
Bl ade Lengt h 
( mm)  
1 16 DPX5 R 2, 00 21, 3 
2 18 DBX1/ 257 R 1, 62 17, 8 
3 22 DPX5 R 2, 00 21, 3 
 
 Sewi ng was done on t he Si nger 591 D300A l ockstitch machi ne.  
 A pai r  of  HBM St r ai n gauges US- TYPE 3/ 120LY61 wer e used duri ng t he 
experi ment s.  They bonded t o t he needl e bar  opposi t el y and f ull -bri dge confi gur ati on 
was used.  Fi gur e 7. 1 shows one of  t he strai n gauge BONDED t o t he needl e bar 
surf ace.  
 
Fi gur e 7. 1 A cl osest l ook t o HBM strai n gauge on the needl e bar.  
 Dat a acqui siti on was done usi ng ESAM Tr avell er  ampl i fi er  and ADC 
convert er.  ESAM ( El ectroni c Si gnal  Acqui siti on Modul e)  i s a measuri ng syst em used 
duri ng t he experi ment s.  I t  consi st s of  a hi gh t echnol ogy acqui siti on and condi ti oni ng 
devi ce and very sophi sti cat ed soft war e t o control  pr ocessi ng dat a.  ESAM co-
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oper at es wi t h wi de f ami ly of  acqui siti on boar ds,  whi ch can measur e f r om 50, 000 up 
to 300, 000 sampl es per second.  The boar d i s mount ed i nsi de deskt op or  l apt op 
comput er  or  i n a speci al  box att ached t o comput er  vi a USB or  par all el  i nt erf ace. 
ESAM Tr avell er  can measur e up t o 16 anal ogue channel s ( or  32,  64 channel s i n 
speci al  32 or  64-channel s versi on)  and up t o f our  di gi t al  channel s.  Anal ogue 
channel  means t hat  i nput  vol t age r ange i s maxi mum – 10V t o + 10V.  Di gital  channel  
has onl y t wo l evel s:  0 and 1.  Nu mber  of  i mpul ses per  second on a di gital  channel  
can be t reat ed as i mpul se channel  and cal cul at ed t o f or m addi ti onal  anal ogue 
channel .  ESAM st or es al l  channel s par amet ers l i ke name,  number,  gai n,  cali brati on, 
li mi t s,  et c.  f or  all  defi ned t est s.  Soft war e used i n ESAM measuri ng syst em was 
desi gned and writt en t o pr ovi de maxi mu m si mpli city i n measuri ng and pr ocessi ng 
dat a.  ESAM Tr avell er  Pl us i s t he hi gh speed 12 bi t  ADC converti ng dat a acqui si ti on 
syst em desi gned t o be used wi t h I BM PC or  compati bl e comput er  syst em [ 90]. 
Fi gur e 7. 2 and 7. 3 show ampl ifi er unit used duri ng t he experi ment s respecti vel y.  
 




Fi gur e 7. 3 Sewi ng machi ne and ESAM Tr avell er ampl ifi er unit 
 The syst em used Penti um pr ocessor  and Wi ndows  2000 oper ati ve syst em 
duri ng t he experi ment. 
Fi gur e 7. 4 shows t he gener al vi ew of t he “sewabi lity t est er”.  
 
Fi gur e 7. 4 Gener al vi ew of t he syst em  
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Fi gur e 7. 5 shows how t he cabl es,  comi ng f rom t he strai n gauge t o t he amplifi er  uni t 
wi t h a f ull -bri dge connecti on,  wer e pr ot ect ed f rom t he harsh sewi ng condi ti ons 
occurred because of t he hi gh sewi ng speeds and i nerti al f orces.  
 
 
Fi gur e 7. 5 Si de vi ew of sewi ng head and needl e bar arrangement  
7. 2 Met hod 
Si nce war p seams ar e mor e i mport ant  t o over all  gar ment  appear ance,  sewi ng 
measur ement s wer e done i n war p di recti ons.  10 c m x  120 c m sa mpl es wer e 
pr epar ed f rom fi ve deni m f abri cs i n war p di rections,  as descri bed i n ASTM- D 1908. 
The r eason why t hi s standar d was chosen i s t o exami ne t he needl e penet r ati on 
f orces on needl e damage as a f urt her st udy.  
Machi ne speed was kept  ar ound 1100 r pm.  Machi ne setti ngs wer e adj ust ed f or 
every new f abri c t ype t o gi ve a bal anced stit ch.  For  40 Tkt  sewi ng t hr ead,  each t est 
was done f or  fi ve ti mes,  because t her e was a ri sk t hat  strai n gauge may get 
damaged, or gauge cabl es may be br oken f or t he hi gh sewi ng dynami cs.  
Unf ort unat el y t he exper i ment s,  whi ch we used 20 Tkt  yar n coul d not  be done 
repeat edl y because t here was a ri sk f or  t eari ng of  t he strai n gauge.  One st r ai n 
gauge was t or n because of  t he yar n ball oon pr oduces by 20 Tkt  yarn.  Duri ng 
sewi ng,  di ffi culti es wer e experi enced wi t h 20 Tkt  yar n.  Because t hi s t hr ead t ended 
to cl og t he needl e eye and fi nall y br oke duri ng stit chi ng.  Al so,  at  t he end,  strai n 
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gauge was t or n f r om t he surf ace of  t he needl e bar  because of  t he yar n ball ooni ng. 
Because i t  i s so ti me consumi ng t o wai t  f or  a strai n gauge packet  t o come f r om 
abr oad,  i t  was deci ded t o pr esent  t he dat a gai ned so f ar  t hr ough t he experi ment s. 
Ot her experi ment s will be done i n t he near f ut ur e as a f urt her st udy.  
Fabri c and t hr ead sampl es wer e condi ti oned under  st andar d at mospheri c condi ti ons 
and t hese condi ti ons were mai nt ai ned duri ng t he test s.  
The t ensi on of  t he bobbi n t hr ead was adj ust ed so t hat  a sli ght  unwi ndi ng occurr ed 
when t he bobbi n case was hel d by t he end of  t he t hr ead and a l i ght  r epeti ti ve j erki ng 
appli ed.  The t ensi on of  the needl e t hr ead was adj ust ed so t hat  t he seam was best 
bal anced. Thr ead t ensi on was adj ust ed f or each fabri c and each sewi ng t hread.  
Stit ch densit y was chosen as 4 stitch/ cm 
Tabl e 7. 4,  Tabl e 7. 5 and Tabl e 7. 6 show t he codes gi ven t o t he sampl es.  Fabri c, 
sewi ng t hr ead and needl e,  codes wer e gi ven i n t he pr evi ous part.  For  f our 
number ed codes,  t he fi rst  number  st ands f or  t he needl e number,  as i t  i s t he most 
i mport ant  par amet er,  t he second f or  sewi ng t hr ead,  t he t hi rd f or  f abri c,  t he f ourt h f or 
pli es.  For  t hr ee number ed codes,  t he fi rst  number  st ands f or  t he needl e,  t he second 
one f or t he f abri c, and t he t hi rd one f or t he pl y number.  
Tabl e 7. 4 Sampl es'  codes 
1111 1112 1211 1212 2111 2112 2211 2212 3111 3112 3211 3212 
1121 1122 1221 1222 2121 2122 2221 2222 3121 3122 3221 3222 
1131 1132 1231 1232 2131 2131 2231 2232 3131 3132 3231 3232 
1141 1142 1241 1242 2141 2142 2241 2242 3141 3142 3241 3242 
1151 1152 1251 1252 2151 2152 2251 2252 3151 3152 3251 3252 
Tabl e 7. 5 Sampl es sewn wi t hout yar n 
111 112 211 212 311 312 
121 122 221 222 321 322 
131 132 231 232 331 332 
141 142 241 242 341 342 
151 152 251 252 351 352 
Bef or e t aki ng t he dat a, t he f ull  bri dge must  be bal anced.  Fi gur e 7. 6 shows t he 





Fi gur e 7. 6 ESAM scr een whil e bal anci ng t he bri dge  
Dat a wer e st art ed t o be t aken aft er  cert ai n amount  of  stit ches,  t o r each the st abl e 
sewi ng speed.  The acqui siti on ti me was l i mi t ed t o 10 seconds because t her e was a 
ri sk f or t he strai n gauges to be t orn apart duri ng sewi ng.  
ESAM has filt ers built  on t he acqui siti on boar d,  but  someti mes i t  i s necessar y t o 
"i mpr ove"  strongl y noi sed si gnal s by means of  comput er  di git al  filt ers.  The soft war e 
al so support s t hi s f eat ure.  Si gnal s wer e pr ocessed aft er  sewi ng t o elimi nat e t he 
noi ses.  Fi gur e 7. 7shows t he t ypi cal  traces bef or e and aft er  filtrati on.  Low- pass filt er 
was sel ect ed f or  t he filtrati on.  Cut -off  frequency was chosen as 50 Hz.  and FI R filt er 
type was sel ect ed.  
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Fi gur e 7. 7 Wavef or ms bef or e and aft er filtrati on 
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8. RESULTS AND DI SCUSSI ON 
Resul t s showed t hat,  t he r eal -ti me sewi ng f orce measur ement s can be obt ai ned and 
dat a can gi ve t he adequat e i nf or mati on t o i dentify number  of  pli es,  f abri c t ype bei ng 
sewn and t he pr obl ems occurri ng duri ng sewi ng pr ocess.  So,  machi ne/f abri c 
i nt eracti on can be moni tor ed si mul t aneousl y.  The speed of  dat a acqui sition used i n 
t hi s st udy i s r el ati vel y sl ow,  1100 r pm,  when compar ed t o t he r eal  pr oducti on 
speeds.  
Tabl e 8. 1 shows t he mi ni mum and maxi mu m val ues of  t he needl e penet r ati on 
f orces,  accor di ng t o t he f abri cs sewn.  Then,  hi st ogr ams wer e dr awn f or  needl e 
penetrati on f orces.  
Tabl e 8. 1 Forces obt ai ned duri ng sewi ng 
 Code Mi ni mum f orce Maxi mu m f orce 
Fabri c no. 1 1111 -1, 9388 2, 7697 
 1112 -1, 4541 4, 1546 
 1211 -0, 8309 4, 1546 
 1212 -1, 6618 3, 3237 
 2111 -1, 6618 3, 9469 
 2112 -2, 3265 3, 8222 
 2211 -1, 6618 3, 3237 
 2212 -2, 4927 4, 9855 
 3111 -1, 8695 3, 5314 
 3112 -2, 0773 4, 1546 
 3211 -0, 8309 4, 1546 
 3212 -0, 8309 4, 9855 
 111 -1, 9388 2, 2157 
 112 -3, 3236 2, 2157 
 211 -2, 0773 3, 3237 
 212 -2, 4927 3, 4899 
 311 -2, 7697 3, 0467 
 312 -1, 6618 4, 8239 
Fabri c no. 2 1121 0, 8309 1, 6618 
 1122 0, 0000 3, 3237 
 2121 -0, 8309 3, 3237 
 2122 -0, 8309 4, 1546 
 3121 -0, 8309 2, 4927 
 3122 0, 0000 4, 1546 
 121 -0, 8309 1, 6618 
 122 -1, 6618 1, 6618 
 221 -0, 8309 2, 4927 
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Tabl e 8. 1 Forces obt ai ned duri ng sewi ng (conti nued)  
 Code Mi ni mum f orce Maxi mu m f orce 
 222 -1, 6618 3, 3237 
 321 -0, 8309 3, 3237 
 322 -1, 6618 3, 3237 
Fabri c no. 3 1131 0, 0000 2, 4927 
 1132 -1, 6618 1, 6618 
 2131 -0, 8309 3, 3237 
 2132 -0, 8309 4, 1546 
 3131 0, 0000 2, 4927 
 3132 -1, 6618 3, 3237 
 131 -1, 6618 0, 8309 
 132 -1, 6618 1, 6618 
 231 -2, 4927 1, 6618 
 232 -1, 6618 4, 1546 
 331 -1, 6618 1, 6618 
 332 -0, 8309 4, 1546 
Fabri c no. 4 1141 -1, 1079 2, 2158 
 1142 -1, 4541 2, 9082 
 1241 -0, 8309 1, 6618 
 1242 -1, 6618 2, 4927 
 2141 -0, 5539 3, 6007 
 2142 -1, 1633 3, 8222 
 2241 -1, 6618 2, 4927 
 2242 -1, 6618 3, 3237 
 3141 -1, 2464 3, 1160 
 3142 -1, 6618 2, 9913 
 3241 -0, 8309 3, 3237 
 3242 -1, 6618 3, 3237 
 141 -1, 0386 2, 2848 
 142 -1, 6618 2, 4927 
 241 -1, 1079 2, 2157 
 242 -1, 3848 3, 6007 
 341 -2, 4927 1, 3848 
 342 -2, 2158 3, 3237 
Fabri c no. 5 1151 -0, 8309 1, 6618 
 1152 -2, 4927 2, 4927 
 2151 -0, 8309 4, 1546 
 2152 -0, 8309 4, 1546 
 3151 -0, 8309 3, 3237 
 3152 -0, 8309 3, 3237 
 151 -0, 8309 1, 6618 
 152 -1, 6618 2, 4927 
 251 -1, 6618 2, 4927 
 252 -2, 4927 2, 4927 
 351 -0, 8309 2, 4927 
 352 -1, 6618 4, 1546 
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Maxi mu m val ues r epr esent  t he needl e penetration f orces,  when t he poi nt  of  t he 
needl e penetrat ed t he f abri c.  The mi ni mum f orces r epr esent s t he wi t hdr awal  f or ces 
because t he needl e passes t hr ough t he f or med hol e.  Gener all y,  i t  was observed t hat 
needl e penetrati on f orces ar e gr eat er  t han t he needl e wi t hdr awal  f or ces.  These 
resul t s get  al ong wel l  wi t h t he r esul t s f ound by Matt hews and Li ttl e and Mal l et  and 
Xu.  



















Fi gur e 8. 1 Eff ect s of  plies t o needl e penetrati on f orces,  f or  Si nger  16 and 40 Tkt 
sewi ng t hread 
As seen i n Fi gur e 8. 1,  i t  was observed t hat,  f or  Si nger  16,  needl e penetrat i on f orces 
ar e gener all y hi gher  f or  all  sampl es havi ng mor e pl i es t han sewi ng one pl y f abri cs. 
The r eason of  t hat  can be sai d t hat  i mpact  f orces i ncr ease as pl i es i ncr ease 
resul ti ng an i ncr ease i n fri cti onal  f orces bet ween t he needl e and t he f abr i cs.  When 
compari ng t he needl e penetrati on f orces among t he f abri cs,  Fabri c 1 has t he bi ggest 
f orce val ues,  f or  bot h pl y val ues.  It  i s an expect ed r esul t;  because,  Fabri c 1 has t he 
hi ghest  cover  f act ors,  t hi ckness,  weft  and war p densi ti es and wei ght.  As t he f abri c 
ar eas l etti ng t he needl e t o penetrat e wi t hout  subj ecti ng t o any f ri cti onal  f or ces 
decr ease,  hi gher  penetrati on f orces ar e obt ai ned.  For  ot her  f abri cs,  some of  t he 
cal cul at ed val ues pr esent ed a gr eat  vari ability,  whi ch i s expect ed si nce t he needl e 
ent er  t he f abri c t hr ough t he yar n,  gaps bet ween yar ns or  yar n cr ossovers, r esul ti ng 


























Fi gur e 8. 2 Eff ect s of  plies t o needl e penetrati on f orces,  f or  Si nger  18 and 40 Tkt 
sewi ng t hread 
I n Fi gur e 8. 2,  i t  i s seen f or  Si nger  18 needl e t hat  t wo pl y sampl es’  penetrati on f orces 
ar e gener all y hi gher  t han one pl y sampl es’:  The penetrati on f orces ar e hi gher  t han 
Si nger 16’ s val ues, as expect ed.  



















Fi gur e 8. 3 Eff ect s of  plies t o needl e penetrati on f orces,  f or  Si nger  22 and 40 Tkt 
sewi ng t hread 
In Fi gur e 8. 3,  i t  i s seen t hat  f or  al most  every f abric,  needl e penetrati on f orces f or  t wo 
pli ed sewn sampl es ar e gr eat er  t han one pl y sampl es’,  as expect ed.  For  Fabri c 3, 
Fabri c 4 and Fabri c 5,  needl e penetrati on f orce val ues ar e l ower  t han t he val ues 
pr esent ed f or  Si nger  18.  Thi s r eason i s a bi t  unexpect ed,  because accordi ng t o t he 
constructi onal  par amet ers,  consi deri ng t hat  Si nger  22 has hi gher  l engt h and needl e 
number,  r esul ti ng hi gher f ri cti onal  f orces;  t hi s needl e t ype must  have gi ven hi gher 
f orce val ues t han Si gner 18.  Apart  from t hi s,  i t  i s evi dent  t hat  Si nger  16’ s val ues ar e 
l ower  t han t he ot hers,  as expect ed.  As t he needl e number,  or  needl e di amet er, 
i ncreases,  fri cti on f orces wi ll  i ncr ease because of  i ncr easi ng needl e surface ar ea. 
Resul t s ar e cl osel y r esembl e wi t h Khan’ s,  Bühl er  and Hennri ch’ s,  Zet o et. al.’ s, 
Rocha et. al.’ s and Matthews and Li ttl e’ s r esul ts;  as f abri c l ayers ar e i ncreased, 
needl e penetrati on f orces ar e i ncr eased.  Accordi ng t o t he r esul t s f ound by t he 
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pr evi ous r esearchers,  f abri c struct ur e has an i mport ant  eff ect  on needl e penet r ati on 
f orce.  Wi t h r espect  t o t hem,  i t  i s a bi t  sur pri si ng t hat  t hese r esul t s shown above di d 
not cl earl y refl ect t he effect s of t he f abri c struct ures cl earl y, except f or t he Fabri c 1.  
I n a second st ep,  t o see t he eff ect s of  t he sewi ng t hr ead on needl e penet r ati on 
f orces,  sampl es wer e sewn wi t hout  t hr ead.  Resul t s showed t he i mport ance of 
sewi ng t hread, whi ch has a si gnifi cant i mport ance on needl e penetrati on forces.  

















Fi gur e 8. 4 Eff ect s of  t he sewi ng t hr ead pr esence accor di ng t o t he needl e nu mber s 
and f abri cs, on t he needl e penetrati on f orces, f or Si nger 16 and f or 1 pl y 
As  seen f rom Fi gur e 8.4,  f or  Si nger  16 and 1 pl y,  gener all y needl e penet r ati on 
f orces ar e hi gher  f or  40Tkt  yar n t han t he f orces obt ai ned wi t h t he sampl e sewn 
wi t hout yar n.  



















Fi gur e 8. 5 Eff ect s of  t he sewi ng t hr ead pr esence accor di ng t o t he needl e nu mber s 
and f abri cs, on t he needl e penetrati on f orces, f or Si nger 18 and f or 1 pl y 
As  seen i n Fi gur e 8. 5,  f or  Si nger 18 and 1 pl y,  f orces ar e hi gher  f or  all  f abri cs when 
sampl es ar e sewn wi t h t he t hr ead.  Al so,  t he val ues ar e hi gher  t han t he Si nger  16’ s 
val ues, because i ncr easing needl e di amet er causes i ncr easi ng fri cti onal f orce.  
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Fi gur e 8. 6 Eff ect s of  t he sewi ng t hr ead pr esence accor di ng t o t he needl e nu mber s 
and f abri cs, on t he needl e penetrati on f orces, f or Si nger 22 and f or 1 pl y 
As  shown i n Fi gur e 8. 6,  f or  t he 1st  and 2nd  f abri cs,  t he f orces seen f or  t he sampl es 
sewn wi t hout  t hr ead ar e hi gher  t han t he ot hers.  Thi s mi ght  be caused because of 
t he changi ng t ensi on setti ngs.  Duri ng t he st udy,  t hr ead t ensi ons wer e adj ust ed 
accor di ng t o have a bal anced stit ch.  Tensi on settings di d not  r emai n t he same.  The 
reason of  t he obt ai ni ng di ff erent  val ues f or  t hese fi ve f abri cs,  whi ch ar e opposi t e t o 
t he expect ed resul ts, may be expl ai ned li ke t hat. 
As  seen from t he fi gures,  sewi ng t hr eads have a di rect  i nfl uence on needl e 
penetrati on f orces.  If  t her e i s no sewi ng t hr ead,  t han,  i t  means t hat  ther e i s no 
addi ti onal  t ensi onal  f orces comi ng from t he t hr ead t o t he needl e bar,  r esul ting hi gher 
penetrati on f orces.  



















Fi gur e 8. 7 Eff ect s of  t he sewi ng t hr ead pr esence accor di ng t o t he needl e nu mber s 
and f abri cs, on t he needl e penetrati on f orces, f or Si nger 16 and f or 2 pl y 
As  seen f rom Fi gur e 8.7 f or  Si nger  16 and 2 pli es,  f orces obt ai ned wit h sewi ng 
threads ar e hi gher  t han the ot hers obt ai ned wi t h sewi ng wi t hout  t he t hr eads.  Al so, 
nearl y f or  all  sampl es,  f orces ar e hi gher  when compar ed t o t he f orces of  t he 
sampl es sewn wi t h Si nger 16, 1 pl y. 
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Fi gur e 8. 8 Eff ect s of  t he sewi ng t hr ead pr esence accor di ng t o t he needl e nu mber s 
and f abri cs, on t he needl e penetrati on f orces, f or Si nger 18 and f or 2 pl y 
As  seen f rom Fi gur e 8. 8,  f orces f or  Si nger  18,  2 pl y sampl es ar e hi gher  when t he 
t hread was used.  When compar ed t o t he 1 pl y val ues obt ai ned wi t h t he same 
needl e number, t he f orces ar e hi gher, as expect ed.  



















Fi gur e 8. 9 Eff ect s of  t he sewi ng t hr ead pr esence accor di ng t o t he needl e nu mber s 
and f abri cs, on t he needl e penetrati on f orces, f or Si nger 22 and f or 2 pl y 
As  shown i n Fi gur e 8. 9,  t her e ar e seen di ff erent  needl e penetrati on f orce val ues f or 
Fabri c 1,  Fabri c 3,  Fabr i c3 and Fabri c 5.  For  t hem,  f orces obt ai ned when sewi ng 
wi t hout  t hr ead ar e hi gher  t han t he ot her  val ues obt ai ned when sewi ng wi t h t he 
t hread.  Thi s r esul t  mi ght  have been occurred because of  t he i mpr oper  t ensi on 
setti ngs.  
Fi gur es 8. 10,  Fi gur e 8. 11 and Fi gur e 8. 12 show t he i mport ance of  needl e t hr ead 
number s and t hei r  eff ects on needl e penetrati on f orces.  Onl y Fabri c 1 and Fabri c 4 
wer e compar ed because i t  was expect ed t o see sli ght  di ff erences bet ween t wo 
fabri cs as Fabri c 1 has t he hi ghest  constructi onal  val ues whi l e Fabri c 4 has t he 
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l owest  val ues.  I n t he hi stogr ams,  Fabri c No.  shown i n t he hori zont al  axi s ar e gi ven 
as 1, whi ch repr esent s Fabri c 1 and 2, whi ch represent s Fabri c 4.  



















Fi gur e 8. 10 Eff ect s of  plies on t he needl e penetrati on f orces,  f or  Si nger  16 and f or 
20 Tkt sewi ng t hread 
As seen from Fi gur e 8. 10,  f or  Si nger  16 and 20 Tkt  t hr ead,  t he penetration f orces 
ar e hi gher  f or  Fabri c 1 t han Fabri c 4.  Unl i ke t he expect ati ons,  Fabri c 1’ s penet r ati on 
f orce val ues obt ai ned f or 2 pl y ar e l ower  t han i t s 1 pl y val ues.  Thi s r esul t  shows t he 
eff ect  of  f abri c pli es on penetrati on f orces.  When compar ed t o t he val ues obt ai ned 
for  40 Tkt  sewi ng t hr ead,  t he val ues obt ai ned f or  20 Tkt  yar n ar e nearl y t he same as 
shown i n Fi gur e 8. 1 

















Fi gur e 8. 11 Eff ect s of  plies on t he needl e penetrati on f orces,  f or  Si nger  18 and f or 
20 Tkt sewi ng t hread 
As seen f rom Fi gur e 8. 11,  penetrati on f orces ar e hi gher  f or  2 pli ed sampl es t han 1 
pl y sampl es,  f or  bot h f abri cs.  Fabri c 1’ s penetration f orce val ues ar e hi gher  f or  bot h 
si t uati ons t han Fabri c 4’ s val ues.  When compared t o t he val ues seen i n Fi gur e 8. 2, 
obt ai ned f or  40 Tkt  yarns,  Fabri c 1’ s penetrati on f orce val ues ar e hi gher,  as 
expect ed,  because as needl e t hr ead number  i ncr eases,  t he f orces af f ect ed on 
needl e ar e al so i ncr eases.  For  Fabri c 4,  penetration f orces obt ai ned f or  20 Tkt  yar n 
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ar e l ower  t han 40 Tkt  yarn.  Anot her  r eason f or  obt ai ni ng unexpect ed val ues can be 
sai d t hat,  experi ment s coul dn’ t  be r epeat ed enough f or  20 Tkt  yar n,  because of  yar n 
ball oon t hreat en f or t earing t he strai n gauge.  




















Fi gur e 8. 12 Eff ect s of  plies on t he needl e penetrati on f orces,  f or  Si nger  22 and f or 
20 Tkt sewi ng t hread 
As shown i n Fi gur e 8. 12,  f orces f or  2 pli ed sampl es ar e nearl y hi gher  t han t he 1 pl y 
sampl es.  The val ues are about  t he same wi t h sewi ng 40 Tkt  f or  t he same needl e 
number.  
Duri ng t he st udy,  i t  i s possi bl e t o observe charact eri sti c wavef or ms obt ai ned f r om 
the sensor  si gnal s.  They ar e t he mai n par amet ers t o underst and t he sewi ng 
dynami cs and wi ll  f or m the dat abase f or  t he f utur e st udi es.  The r esul t s obt ai ned 
duri ng t he experi ment  showed t hat,  t hese wavefor ms cert ai nl y show t he di ff er ence 
bet ween t he mat eri al s bei ng sewn and t he pr obl ems  occurred duri ng sewi ng,  such 
as yar n br eakage and f abri c puckeri ng.  Such pr obl ems gi ve di ff erent  si gnal s duri ng 
t he sewi ng pr ocess causi ng devi ati ons f rom t he char act eri sti c wavef orms.  These 
devi ati ons can be observed duri ng t he pr ocess.  These r esul t s ar e i n harmony wi t h 
Rocha et. al.’ s r esul t s. Accor di ng t o t hei r  findi ngs,  parti cul ar  wavef or ms ar e 
char act eri sti cs of  sewi ng f aul t s.  Car val ho et. al.  al so f ound t hat  di ff erent  needl es and 
mat eri al s wer e det ect abl e.  Al so,  t he wavef or ms obt ai ned f or  a sewi ng cycl e ar e 
si mil ar  t o t he wavef or ms found by sever al  r esearchers as Mat hews and Li ttl e,  Mal l et 
and Xu, Carval ho et. al. and Rocha et. al.  
It  woul d be hel pf ul  t o i ndi cat e t hat  i n t he wavefor m fi gur es,  verti cal  li ne shows t he 
f orce val ues i n Newt ons and t he hori zont al  li ne shows t he ti me i n seconds.  Ti me 
i nt erval s ar e t aken from t he wavef or ms at  di ff erent  seconds t o refl ect  t he 
char act eri sti cs of t he sewi ng dynami cs bett er. 
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Fi gur es 8. 13,  8. 14 and 8. 15 ar e gi ven f or  Fabr i c 4 t o see t he eff ect s of  needl e 
number s and pl y diff erences i ndependent from t he f abri c constructi on.  
 
Fi gur e 8. 13 Wavef or ms for 142 coded sampl e 
Fi gur e 8. 13 shows t he wavef or ms t aken f or  Si nger  16 needl e and superi mposed 
sewn Fabri c 4. The maxi mu m needl e penetrati on f orce was measur ed as 2, 4927 N.  
 
Fi gur e 8. 14 Char act eri stic wavef or ms f or t he 342 coded sampl e 
For  342 coded sampl e,  whi ch shows t hat  t he Fabri c 4 i s sewn wi t h Si nger  22 wi t h 2 
pli es,  t he maxi mu m f orce was obt ai ned as 3, 3237 N.  Fr om t he Fi gur es 8. 13 and 
8. 14,  i t  can be sai d t hat  for ces ar e hi gher  f or  t he bi gger  needl e number s.  Thi s r esul t 
i s al so evi dent  f or m t he wavef or ms.  342 coded sampl e’ s val ues r each t o t he hi gher 
val ue t han 142 coded sampl e.  
 
Fi gur e 8. 15 Char act eri stic wavef or ms f or t he 341 coded sampl e 
As  seen f rom Fi gur e 8. 15,  f orces ar e l ower  t han t he 342 coded sampl e.  For  341 
coded sampl e,  t he maxi mu m f orce was obt ai ned as 1, 3848 N.  Thi s one pl y val ue i s 
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al so l ower  t han t he val ue measur ed when sewi ng t he same f abri c wi t h t he s mal l est 
needl e number,  Si nger  16,  i n superi mposed configur ati on.  Thi s emphasi ses t hat,  t he 
syst em est abli shed has an ability t o det ect  t he pl y di ff erences duri ng worki ng.  Dat a 
gai ned from t hi s syst em coul d be used f or maki ng sur e all t he pli es wer e sewn.  
To see t he eff ect s of  t he sewi ng t hr eads,  codes 3111 and codes 311 wer e 
compar ed. The wavef orms ar e shown i n Fi gur e 8. 16 and Fi gur e 8. 17 
 
Fi gur e 8. 16 Char act eri stic wavef or ms f or t he 3111 coded sampl e 
 
Fi gur e 8. 17 Char act eri stic wavef or ms f or t he 311 coded sampl e 
As  seen f rom t he Fi gur e 8. 16 and Fi gur e 8. 17,  f orces ar e hi gher  when compar ed t o 
t he f orces obt ai ned wi th t he sampl es sewn without  t he yar n.  For  3111 coded 
sampl e,  t he penetrati on val ue was f ound as 3, 5314 N whi l e f or  t he 311 coded 
sampl e,  i t  was f ound as 3, 0467 N.  Al so,  di ff erent  wavef or ms ar e seen when usi ng 






I n t he f oll owi ng fi gur es,  sewi ng pr obl ems occurred duri ng sewi ng ar e gi ven and 
expl ai ned st ep by st ep.  
 
Fi gur e 8. 18 Char act eristi c wavef or ms f or  t he 2112 coded f abri c,  i n a nor mal  
condi ti on 
I n t he Fi gur e 8. 18,  nor mal  vi ew of  t he sewi ng f orce waves i s seen.  I n Fi gur e 8. 19, 
f abri c st art s t o pucker duri ng sewi ng and wavef or ms st art  t o change i n 9, 8t h  
seconds.  
 
Fi gur e 8. 19 ‘ St art ed t o puckeri ng’ wavef or ms f or the 2112 coded f abri c 
 
Fi gur e 8. 20 Pucker ed wavef or ms f or t he 2112 coded f abri c 
As  seen from t he Fi gur e 8. 20,  f abri c puckeri ng occurred and t he f eed dogs coul dn’ t 
move t he f abri c f urt her. So,  because t he needl e conti nuousl y ent ers t o t he same 
poi nt,  wavef or ms di dn’ t change and t hey onl y r epr esent  t he i nerti al  for ces,  not 
penetrati on f orces.  
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As wi ll  be seen from t he Fi gur es 8. 21 and 8. 22,  a br oken stit ch can be obser ved 
duri ng sewi ng.  Fi gur e 8.21 shows t he nor mal  stitch wavef or m,  whi l e t he ot her  one 
shows t he upper  t hr ead br eakage occurred aft er  t he 7t h  seconds.  Wavef or ms 
change i nst antl y i n Fi gure 8. 22 when t he needl e thr ead br eaks.  
 
Fi gur e 8. 21Char act eri stic wavef or ms f or t he 1122 coded sampl e 
 
Fi gur e 8. 22 Wavef or ms for t he 1122 coded sampl e, showi ng t he yar n br eakage 
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9. SUGGESTI ONS FOR FUTURE STUDY 
Resul t s of  t hi s st udy showed t hat,  t he est ablished syst em coul d r ecogni ze t he 
di ff erent  needl e t ypes,  seam t ypes and i n some si t uati ons,  di ff erent  mat eri al  t ypes. 
Thi s st udy i s one of  t he r ar e st udi es att empti ng t o moni t or  t he needl e penet r ati on 
f orces duri ng l ockstitch pr ocess and has a di ff erent  appr oach t o control  the sewi ng 
pr ocess i n t er ms of  usi ng di ff erent  measurement  syst em,  unli ke t he ot her 
researches t hat have been done bef or e.  
The f oll owi ng ar e suggesti ons f or f ut ur e st udi es: 
 The experi ment s shoul d be done t o see t he needl e penetrati on f orces’  
eff ect s when sewi ng i n weft di recti on.  
 Sa mpl es shoul d be st one washed t o see i f  t her e woul d be any damage seen 
aft er  t he washi ng pr ocess.  The r el ati onshi p bet ween t he needl e penet r ation 
f orces and t he needl e damage shoul d be i nvesti gat ed.  
 Di ff erent  t ypes of  f abri cs,  woven or  kni tt ed f abri cs,  shoul d be sewn i n order 
t o coll ect  dat a t o modi f y t hi s syst em t o an i nt elli gent  sewi ng syst em by usi ng 
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